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SENSORY AND MOTOR MFirp^ p^ ^ p FArmp m m 

Field of the iipflftfrn 

This application relates to sensory and motor neuron derived factor (SMDF), methods of making 
SMDF, and diagnostic and therapeutic uses thereof. 
S Background ? fft T f^fflj^ 

(i) erbB proto-encogenes 

Tnmsduetion of signals that regulate cell growth and diflerenturfon is reguhted in part by 
Ph08ph °*^ ° f ^ cdIull,r ^ tyrosine kin^« enzymes that cat^AU^ 

Receptor protein tyrosine kinases are believed to direct cellular growth via ligand^mulated tyrosine 
phosphorylation of intracellular substrates. Growth factor receptor protein tyrosine ki«ses of the class I 
subfamily include the 170 kDa epidermal growth factor receptor (EGFR) encoded by the erbB gene erbB 
has been causally implicated in human malignancy. In particular, increased exprouion of this gene has been 
observed in more aggressive carcinomas of the breast, bladder, lung and stomach. SeeNealeta/ Lancet, 

» S * ttba " " l: 138,M402 0987); YMUi - toUtStom, 41: 2.1-217 

15 (1988); and Veale et al., Cancer . 55: 513-516 (1987). 

The second member of the class I subfamily, pl85~, wa, originally identified as the product of the 
transforming gene from neuroblastomas of chemically mated rats. The neu gene (also called ev*B2 and 
HER2) encodes a 185 kDa receptor protein tyrosine kinase. Amplification and/or overexpression of me human 
HER2 gene correlates with a poor prognosis in breast and ovarian cancers (Slamon « al., 235- , 77- 

182 [1987]; and Slamon et al.. Science, 244: 707-712 [1989]). Overexpnasion of HER2 has also been 
correlated with other enrcinon*, including Carcinomas of the « OIMC h, endometrium, salivary gland, lung 
kkmey, colon and bladder. See, among others, King e, al., Selena, 229: 974 (1985); Yokota 0 al., ^ 
l: 765-767 (1986); Fuknshigi m al, mS&m, «: 955-958 (1986); Simon m al. (1987). supra. Geurin 
«^.Q D c a gfl £ £ Si ,3:2l-31 (1988); CcWd.. Oncogene, 4: 81-88 (1989); Yonemuraeva/ Cancer 
E^«: ,034 (1991); Bors, e, al.. 38: 364 (1990); Weiner » a,., fia^ 50: 42,-425 

(1990); Kern et al., Qm^Ee*, 50: 5,84 (1990); Park m al., SmSL&L, 49: 6605 (,989); Zhau a al 
Mffl, Carcmor 3: 354-357 (,990); and McCann « al, ftnea. 65: 88-92 (1990). 

Acconlmgly. Slamon er a/, in US Pat No. 4.968.603 describe and claim various diagnostic assays 
for determining HER2 gene amplified or expression in tumor cell,. Slamon « al. discovered out the 
presence of multiple gene copies of HER2 oncogene in tumor cells indices thai the ouease i, more likely 
to spread beyond the P^^^^^^n^^or,^^^^^^^, 
*an m,ght otherwise be indiotted by other diagnostic factors. Slamon m al. conclude that the HER2 gene 
amplication test, together with the determ^on of rymph node status, provides gr«t.y improved prognostic 
utility. 

Expression of the HER2 gene in non<ancerous tissue has also been investigated. For example 
Cohen er al. found that the HER2 gene is expressed by Schwann cell, curing peripheral nerve development' 
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and wallerian degeneration. Accordingly, tbey concluded that plSS 111 * 2 plays a role in regulation of 
proliferation or differentiation of Schwann cells. Cohen ex al. f J. Neuro^^ 3 1: 622-634 (1992). 

A farther related gene, called er*B3 or HER3, has also been described. See US Pat N . 5,1 83,884; 
Kraus et al. t fNAS, V?A, «: 9193-9197 (1989); EP Pat Appln No 444,961 Al; and Kraus et a/., PNAS. 
5 USA, 90: 2900-2904 (1993). Kraus et al (1989) discovered that markedly elevated levels of erbBl mRNA 
were present in certain human mammary tumor cell lines indicating that erbB3 t like erbB and erbB2 t may 
play a role in some human malignancies. Also, Kraus et al. (1993) showed that EGF-dependent activation 
of the erbB3 catalytic domain of a chimeric EGFR/erfrB3 receptor resulted in a proliferative response in 
transfocted NIH-3T3 cells. Furthermore, these researchers demonstrated that some human mammary tumor 
10 cell lines display a significant elevation of steady-state <rr*B3 tyrosine phosphorylation farther indicating that 
this receptor may play a role in human malignancies. Accordingly, diagnostic bioassays utilizing nucleic acid 
encoding er*B3 are described by Kraus etal. in US Pat. No. 5,183,884. 

Recently, the class I subfamily of growth factor receptor protein tyrosine kinases was extended to 
include the HER4/pl80^ w receptor. See EP Pat Appln No 599,274; Plowman et al., PNAS. USA. 90: 1746- 
15 1750 (1993X and Plowman et al., flatyrc, 366: 473-475 (1993). Plowman et al. found that increased HER4 
expression closely correlated with certain carcinomas of epithelial origin, including breast adenocarcinomas. 
Accordingly, diagnostic methods for detection of human neoplastic conditions (especially breast cancers) 
which evaluate HER4 expression are described in EP Pat Appln No. 599,274. 
fit) Neuregulins 

20 The quest for the activator of the HER2 oncogene has lead to the discovery of a family of 

polypeptides collectively called "neuregulins". These proteins appear to result from alternative splicing of a 
single gene which was mapped to die short arm of human chromosome 8 by Orr-Urtreger et al. , PNAS. USA. 
1952: 1746-1750 (1993). 

Holmes et al. isolated and cloned a family of polypeptide activators for the HER2 receptor which 

25 they termed beregulin-a (HRG-a), heregulin-pi (HRG-piX heregu)in-p2 (HRG-p2), heregulin-p2-like 
(HRG-P2-Iike), and heregulin-p3 (HRG-P3). See Holmes et al. t Science. 256: 1205-1210 (1992); and WO 
92/20798 as well as Hoffinan et a/., $cjencc, 256: 1129 (1992). Hie 45 kDa polypeptide, HRG-a, was 
purified from the conditioned medium of the MDA-MB-231 human breast cancer cell line. These researchers 
demonstrated the ability of the purified heregulin polypeptides to activate tyrosine phosphorylation of the 

30 HER2 receptor in MCF-7 breast tumor cells. Furthermore, the myogenic activity of the heregulin polypeptides 
on SK-BR-3 cells (which express high levels of the HER2 receptor) was illustrated Like other growth factors 
which belong to the EGF family, soluble HRG polypeptides appear to be derived from a membrane bound 
precursor (called pro-HRG) which is proteolytically processed to release the 45kDa soluble form. These pro- 
HRGs lack a N-terminal signal peptide. 

35 While hereguiins are substantially identical in the first 213 amino acid residues, they are classified 

into two major types, a and p, based on two variant EGF-like domains which differ in their C-terminal 
portions. Nevertheless, these EGF-like domains are identical in the spacing of six cysteine residues contained 
therein. Nagata et al. describe the solution structure of the EGF-like domain f HRG-a in EMBO. J.. 13(15): 
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3517-3523 (1994). Based on an amino acid sequence comparison, H Imes et al. found that between the first 
and sixth cysteines in the EGF-like domain, HRGs were 45% similar to heparin-binding EGF-like growth 
fector (HB-EGFX 35% identical to amphiregulin (AR), 32% identical to TGF-a, and 27% identical to EOF. 
The 44 kDa «u differentiation fector (NDF), which is the rat equivalent of human HRG, was first 
5 described by Petes et al. f fill « 205-216 (1992); and Wen et «/., £cJl, 69: 559-572 (1992). Like the HRG 
polypeptides, NDF has an immuiwgfobulin (Ig) homology domain followed by an EGF-like domain and lacks 
a N-tenmnal signal peptide. Subsequently, Wen et al., Mol. Cell. BioL 14(3): 1909-1919 (1994) carried out 
-exhaustive cloning" to extend the fiunily ofNDFs. This work revealed six distinct fibroblastic pro-NDFs. 
Adopting the nomenclanire of Holmes et al., the NDFs are classified as either o or p polypeptides based on 

10 the sequences of the EGF-like domains. Isoforms 1 to 4 are characterized on the basis of the variable 
justanembrane stretch (between the EGF-like domain and transmembrane domain). Also, isoforms a, b and 
c are described which have variable length cytoplasmic domains. These researchers conclude that different 
NDF isoforms mt generated by alternative splicing and perform distinct tissue-specific functions. See also EP 
505 14S; nd WO 93/22424 concerning NDF. NDF expression has been studied. In particular, Orr-Urtreger 

15 PNAS, USA. 90: 1867-1871 (1993), using a mouse NDF probe which includes a partial Ig-likc domain, found 
that NDF expression in mouse embryos was in the central and peripheral nervous system [including 
rteuroephhetium that lines die lateral ventricles of the brain, dorsal root ganglia and ventral horn of the spinal 
cord (albeit weak) as well as intestine, stomach and adrenal cortex]. 

Falls et al., fill 72: 801-815 (1993) describe another member of the neuregulin family which they 

20 call acetylcholine receptor inducing activity (ARIA) poiypqptide. The chicken-derived ARIA polypeptide 
stimulates synthesis of muscle acetylcholine receptors. See also WO 94/08007. ARIA is a p-type neuregulin 
and lades the entire "gryco" spacer (rich in ghycosylation sites) present between the Ig-Iike domain and EGF- 
like domain of HRGa, and HRGpl-p3. 

Mardikmni et al., Nature: 362: 312-318 (1993) identified several bovine-derived proteins which they 

25 call glial growth factors (GGFs). These GGFs share the Ig-like domain and EGF-like domain with the other 
neuregulin proteins described above, but also have an amino-terminal kringle domain. GGFs generally do 
not have the complete "glyco" spacer between the Ig-like domain and EGF-like domain. Only one of the 
GGFs, GGFII, possessed a N-terminal signal peptide. See also WO 92/18627; WO 94/00140; and WO 
94/04560 which refer to GGFs and uses thereof. Other polypeptides with mhogenic activity similar to 

30 GGFs hav* been described. For example, Benveniste et al., FNAS. USA. 82: 3930-3934 (1985) describe 
isolation of a glial growth-promoting factor (GGPF) from human T-lymphocyte supernatant which has an 
apparent molecular weight of 30kDa on non-reducing SDS-PAGE and 18kDa on reducing SDS-PAGE. 
Furthermore, Davis and Sooobant, J. Cell Biol. 110: 1353-1360 (1990) describe various growth factors which 
are mitogens for rat sciatic nerve Schwann cells in vitro, including GGF, TGF-pi and TGF-02. 
35 (Hi) Neuregulin domains 

The various neuregulin domains have been reviewed by Peles and Yaroen in ^iofo$aYS, 15(12): 815- 
824 (1993). These domains shall be briefly described below. 
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Immu«tfob«lia (IgHiV, . Mof1be fe ^ ^ ^ 

^available possess an Ig-like domain, suggesting this dom«n ha, an essem* function. See Pe.es and 
Yarden, supra. 

However, Kuo er ^, by screening chick brain cDNA and human cerebellar cDNA libraries, recently 
5 .denied . novel ARIA splice variant (called nARIA) which tacked the Ig-like domain of the other 
neuregulin polypeptides. Northern blot analysis localized expression of nARIA in the nervous system with 

20. .095 (.994). See also Yange, al.. Abstract No. 452,7, Soc. N^i^ ^ 20: 1095 (1994) 
Cfyecayiated .pacer domain - His « glyC o" domain, rich in N- and O-linked glycogen shes, 
10 connects the Ig-like donuin with the EGF-like domain. A single potential site for glycosaminog.ycan 
attachment is present at the amino terminus of mis spacer donuin. ARIA and GGF tack 34-amino acid- 
residues of the glyco spacer, reducing the number of glycosylate she, in these molecules. 

ECF-IIke domain . This regie incorporates six cysteine residues and is predicted to fold into a 
^having three disumde-linked loops. As discussed above, neuregulins are classified as either « or 
15 P-type neuregulins b*ed c» the sequence of the C-termina, portion of the EGF-like domain. The EGF-like 
alone nas been srK.wn to bind with high affinity ,o me receptor. See Holmes et al., supra and Peles 
**. EMZU, 12: 961-97, (19 o 3 , Sequence differences between the « and P forms app^v do not 

, rtCePtOT H0WW ' *" P f <™ -V »md with greater a*™* to responsive cells than the 

a form. 

20 The C^erminai portion of the EGF-like domain of some neuregulins is flanked by an eigh.-amino 

While this stmch of amino acid residues does not a**, to affect receptor binding, it is thought 
to Play a role m proteolytic processing of ft. precursor neuregulin to release the soluble polypeptide. See 
Peles and Yarden, supra. 

Cytoplasm* tail - The tnmsmembrane form, of neuregulins have four different hydrophilic 

?f ** ° f WWeh U 4,5 -*» - '«* Some of me described neuregulins 

lack this cytoplasmic tail (e.g. HRG-P3 and GGFII)- 

ftv) Other putative HER2 activators 
- Otiwr polypeptides which are considered to be HER2 activators have been described. Lupu et al 
SB** 249: 1552-.555 (1990, and Lupu et al., 0*^, 31: 7330 . 7340 (] ^ ^ , „ ^ 
g ycoprotem (termed gp30) with TGF-.,ike properties. Lupu et al. found that this factor stimutated 
Phosphory^on of both the EGFR and p,,s™>. Lupu et al. isolated another growth factor from the 
condmoned medium of SK-BR-3 cells v^ch mey desc^be as binding to p. 85«^ but no, EGFR. This factor 
«1W P75, c^meted with the anti-HEltt receptor antibody 4D5 for plS5«* binding. Lupu et al.. Abstract' 

93/22339 ^ ^ ^ ^ ' " ""^ ** W ° 91/ ' 892 ' ; W ° 92/ ' 2 ' 74; Md W0 

io<HHU There h8S ^ 8n0ther "P 0 " of » 8'ycoprotein which i, able to activate both the EGFR and 
P«S • This polypeptide had a molecular weight of 35kDa and was heat stable but sensitive to reduction 
See Yarden and Peles, Biochemist™ 30: 3543-3550 (1991 ). 
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T«khovky er al. describe . 25kDa polypeptide seemed by activated mouse peritoneal 
.»*rophages, which i, considered to be . Ugand for P 185T Tarakhovsky et aL, Qnsegm, 6(12): 2187-2196 
(1991). Huang and Huang sported purification f . 25kDa protein from bovine kidney which they call 
««/«*B2 Hg^d growth fector (NEWSF). NEL-GF phosphorylaced the «e* receptor in intact NIH-3T3 cells 
5 expressing not receptor. 

Dwl ' * a/ - B i Whmi . PivPriYff, Rw, Comrnim , n*?). I536-1542 (1991) and Dobashi et al 
M: 8582-8586 (199,) characterized . protein they call no, ^-specific activating flctor 
(NAF) which had a moieailsr weight between about 8 to 24 kDa. NAF was said to activate pi 85"** but not 
«heEGFR.See^WO91/15230 to Greenee, a /. ^wmkmM^^,^ ± mlmtmillt 
NAF is said to have a molecular weight of 15-17 kDa. Samanta et aL, PNAS. USA. « : , 7 , ,. 17 , 5 (,904). 

De Corte er a/, recently reported the presence of a SOkDa protein in conditioned medium of COLO- 
16 human ameer cells which append to activate the HER2 receptor in SK-BR-3 cells. Various biological 
activities including inducement of fast spreading, fast plasma membrane ruffling, cell shape change „« 
tnmslocati™, stimulation of chemound, and growm arrest in SK-BR-3 cells were attributed to mis factor. De 
15 Corte a al., J. Cell SdW» io7: 405-416 (1994). 

M Biological activities of neuregulins 

Diverse biological activities for the various neuregulin polypeptides have been described. 
While the heregulin and NDF polypeptide, were first identified based on their ability ,0 activate 
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(see Hohnes er a*, supra), it was discovered that certain ovarian cells expressing neu and neu- 
20 transfected fibroblasts did not bind or crosslink to NDF, nor did they respond to NDF to undergo tyrosine 
phosphorytaion [Pe.es etal, EMKLL, I* 561-971 (1993)]. This indicted another celluhr component was 
necessary for conferring full neuregulin responsiveness. Canaway a al. subsequently demonstrated that 12 V 
rHRG P 1 177-244 hound to NIH-3T3 fibroblasts stably transfected with bovtne «*B3 but not to non-transfected 
P-renta. cells. Accordingly, they conclude that er6B3 is . receptor for HRG and mediates phosphorylation 
25 of u^ tyrosine re^dues « well as pbosrAorylation of p,85*«"~ m cells which express both receptors 
C-rmy et al., ). Bio), Ch,ern„ 269(19): 14303-14306 (1994). Sliwkowski et al.. LBjpl^, 269(20) 
1466.-14665 (1994) found that ceUs tnmsfected with HER3 alone show low affinities for heregulin, whereas 
cells transfected with both HER2 and HER3 show higher affinities. 

Has observation correlates with the "receptor cross-talking" described previously by Kokai er al 

researchers found that binding of EOF to the EGFR resulted in activation of the EGFR kinase domain and 
cross-phosphorylation of p,tf-». This is believed to be . ream of ligand-induced receptor 

beterodUMn2at, ° n " d «^osphorylation of the receptors within the heterodimer fWada 

et al., £eJl, 61: 1339-1347 (1990)). 

35 HBU PkWman "* h " C ° HeagUeS P^™ 3 "/^™" activation. They expressed 

P185 alone. plSS" 3 " alone, or the two receptors together in human T lymphocytes and demonstrated 
that nauegulin is capable of stimulating tyrosine phosphorylation of pi 85^, but could only stimulate 
P.85 phosphorylation in cells expressing both receptors. PI wman et al., Nature. 336:473-475 (1993). 
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3 «*»««„ ^m.^^^^^ h J'^"*"^^ wart ■! 

of OGHI it»h> in ofmv JZ™ ^ D myoblMts in *e continuous 

10 fiiasiffiL, Ab«. W462, 18D, 540 [1994]). m of differentiation (Sklar « a/., ;, Ce[ | 

*des era/. (I992X and Wen er «/. 09921 * , • 

~m»y. a<A . ^ta,,,^.^ """" «. onto 

IS SK-BR-3 and MCF-7). ™° ^ * ^ » »-»^ *M te „ 

USB-** 4» 75* 0«* I*** „ „ tT^T^ B,0Ckel « *• 

'^AW «^a^Tj!t!r^ mL ^ 3 "' m 

■* - -, OB. n •* " , -— " — *• • 

in press. Scftwann <* lls *» wn>. Levi er al.. j. Ce li R8n . 

Pinkas-Kramaiaki a al. found that NDF seem* t» k- 
embryonic and « rat bndn md prima^ cultures 7! 1 " "™ « ,ial ce,,s * 
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and the HER? r~~~ - E«2£E> *(4-5). A535 (1994), found that the interaction of NDF 

It u parent from the above discussion that neuregulins. simiu* to other growth factors (, , 
5 concentration and on the cellular context. «P*w»mg on their 

HER2 receptor and/or . gJW eel! mitogen for diagnostic, e* W W , and therapeutic uses 

to produce the polypeptide in recombinant cell culture. 
10 ,t is a still further object ,o provide derivatives and modified forms of such polypeptide, including 

-»»o ac,d sequence variants and cogent derivatives thereof. 8 
It is an additional obj« to prepare irnmunogens for raising antibodies ag^st such polypeptides as 
well * to obtain antibodies c^le of binding them. Po^des, as 

as considerToTIft ^ ^ ^ ^ * * — ^ — «*- ^ 

is consideration of the specification as a whole. 

Summary '""TTTti 

polypeptide may be unassodated with native sIvcosvlaHon «r k. . . 
this SMDF polypeptide mrv be selected from I ^ " "^^^ 

in . humanZTnLT ^ e0MBdng rf * e *« » "on-immunogenic 

a human^dSMDF n^g the listed amino acid sequence of human SMDF shown in Fig . u 
In another aspect, the isolated SMDF polypeptide sh»es a, leas, 75% „tao acid sequence Identity 
w,th ihe translated SMDF sequence shown in Fig. 1 A. ^ 
In a still further aspect, the invention provides an isolated polypeptide encoded by a nuc.eic acid 

m F,g. 1A. Preferably, this polypeptide is biologically active. 

(eg breast or o«n„ ^ " «* '""""""V 8 " •«**» suffering from carcinoma 

^^or trv^an carcmom.) wh,ch involves exposing a sample or cel, fi™ the parent to the SMDF 
»«, above and determming the extent of SMDF b-nding to the sample or cell. Usually the SMdTL 
35 be used in this assay will be labelled. usually, tne SMDF to 

which ex^^^™^ 

wh.ch expresses the HER2 receptor is exposed to SMDF polypeptide. 
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Abo. it is possible to stimulate mitogenesis of a bIU »n • • .. 
In yet another aspect, the invention provides an isolated »«tik~i. ^ . 

SMDF. ma recovcnn K the fraction containing 

In other aspects, the invention canprises an isolated mtrW —;a . . 
10 apprising the nucleic acid molecule. «ZT «" «*« SMDF, . vector 

r.wnxiA "jay Deselected from the group consisting of: 

(c) a DNA which bybndizes to a seoucn^ 

25 example, the mammal may be sufferine f™, P J miaceutl » 1, y *«P*l»e earner to the mammal. For 
^ °* suttcnn « fiw » neurodegenerative disorder, 
grief Descrimion of the n nrtnr 
Figs. 1A and IB depict the cDNA sequence fSEO ID NO 11 ■ 
2} of SMDF (Fig. 1 A) ^ H ISEQIDNO. I] and amino acid sequence [SEQ ID NO. 

aria ^ trjitrr ■ ,,,,wri, " ° r - °° f "- »*» ■ - 
:rrAr::r:^^^^ 

ana a/o to ARIA at the nucleotide level. Like GGFII and HRG-B3 the «unc , 

oniiw acid on** ^ v^rn ana MKii-p3, the SMDF sequence endi after the 8-10 

™mo acid stretch which connects the EGF-like domain with ttv tr*»*~~\ ^ . 

TOmam Wlth "e transmembrane domain (TM), and is dev id 
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of the latter and the cytoplasmic tail, which arc present in HRG-p 1 and ARIA. The sequence of SMDF N- 
tenninal of the EGF-Jike domain {i.e. the unique "NTD") bears no identity to any known neuregulin. It lacks 
the Ig-like domain which is characteristic of all known neuregulins. It also lacks the N-terminal hydrophobic 
signal sequence of GGFII but possesses a stretch f apolar and uncharged amin acid residues (apolar II). In 
5 Fig. 2B, homologous Ig-like, EGF-like, and TM domains are boxed. The EGF-like domain of SMDF is 
identical to those of GGFII and HRG-pl, but differs from ARIA by 7 amino acids (denoted by *). GGFII 
and HRG-pl have identical Ig-like domains and differ from ARIA by 30 and 35% at the nucleotide and 
amino acid (denoted by *) levels, respectively. SMDF has no Ig-like domain. The TM domains of HRG-p 1 
and ARIA are identical. 
10 Detailed Description of the Preferred Embo diments 

1. Definitions 

In general, the following words or phrases have the indicated definition when used in the description, 
examples, and claims: 

"SMDF" (or "sensory and motor neuron derived factor") is defined herein to be any polypeptide 

15 sequence that possesses at least one biological property (as defined below) of native sequence SMDF 
comprising the polypeptide sequence of Fig. 1A. This definition encompasses not only the polypeptide 
isolated from a native SMDF source such as human brain described herein or from another source, such as 
another animal species, but also the polypeptide prepared by recombinant or synthetic methods. It also 
includes variant forms including functional derivatives, alleles, isoforms and analogues thereof. Preferably the 

20 SMDF is not chicken SMDF. Sometimes the SMDF is "native SMDF" which refers to endogenous SMDF 
polypeptide which has been isolated from a mammal. The SMDF can also be "native sequence SMDF" 
insofar as it has the same amino acid sequence as a native SMDF (e.g. human SMDF shown in Fig. 1A). 
However, "native sequence SMDP encompasses the polypeptide produced by recombinant or synthetic means. 
Optionally, the SMDF is not associated with native glycosylate. "Native glycosylation" refers to 

25 the carbohydrate moieties which are covalently attached to native SMDF when it is produced in the 
mammalian cell from which the native SMDF is derived. Accordingly, human SMDF produced in a non- 
human cell could be described as not being associated with native glycosylation, for example. Sometimes, 
the SMDF is not associated with any glycosylation whatsoever (e.g. as a result of being produced 
recombinantly in a prokaryote). 

30 SMDF shown in Fig. 1 A has a unique amino terminal domain which distinguishes this protein from 

previously described neuregulin proteins. This is designated the "N-terminal domain" or "NTD" herein (i.e. 
from about residue 1 to about residue 222 of Fig. 1 A). However, die expression "NTD" includes functional 
equivalents of the NTD depicted in Fig. 1 A. This NTD has a "NTD-cysteine knot" or "NTD-cys knot H which 
is from about amino acid residue 58 to about residue 91 of Fig. 1A. Two domains which consist 

35 predominantly of apolar and uncharged amino acid residues are also present. These domains are designated 
"apolar I" (i.e. amino acid residues from about 48-62 of Fig. 1A) and "apolar II* 1 (i.e. amino acid residues 
from about 76-100 of Fig. 1A) herein. 
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Also, it is possible to stimulate mitogenesis of a glial cell which is in cell culture or is present in a 
mammalian (especially human) patient by exposing it to SMDF. 

In yet mother aspect, the invention provides an isolated antibody that is capable f binding SMDF 
and a method for dr fwtfr c SMDF in vitro or in vivo comprising c onta c tin g the antibody with a sample or cell 
5 suspected of containing SMDF and detecting if binding has occurred, as with an ELISA. 

In still another aspect, the invention provides a method for purifying SMDF comprising passing a 
mixture of SMDF over a column to which is bound the antibodies and recovering the fraction containing 
SMDF. 

In other aspects, the invention comprises an isolated nucleic acid molecule encoding SMDF, a vector 
10 comprising the nucleic acid molecule, preferably an expression vector comprising the nucleic acid molecule 
operably linked to control sequences recognized by a host cell transformed with the vector, a host cell 
comprising the nucleic acid molecule, including mammalian and bacterial host cells, and a method of using 
a nucleic acid molecule encoding SMDF to effect the production of SMDF, comprising culturing a host cell 
comprising the nucleic add molecule. Preferably the host cell is transfected to express SMDF nucleic acid 
15 and the SMDF is recovered from the host cell culture, and if secreted, recovered from the culture medium. 
The isolated nucleic acid molecule may be selected from the group consisting of: 

(a) a DNA comprising the nucleotide sequence of the coding region of the SMDF gene shown in 

Fig. 1A; 

(b) a DNA corresponding to the sequence of (a) within the scope of degeneracy of the genetic code; 

20 and 

(c) a DNA which hybridizes to a sequence ootnpleroentary to the DNA of (a) or (b) and which 
encodes a polypeptide possessing a biological property of a native sequence SMDF polypeptide. 

In one embodiment the invention provides a method for treating a mammal comprising administering 
a therapeutically effective amount of SMDF in a pharmaceutically acceptable carrier to the mammal. For 
25 example, the mammal may be suffering from a neurodegenerative disorder. 

Brief Description of the Drawings 
Figs. lAmd IB depict the cDNA sequence [SEQ ID NO: lj and amino acid sequence [SEQ ID NO: 
2} of SMDF (Fig. 1 A) and a hydropathy analysis of SMDF (Fig. IB). In Fig. 1 A, the EGF-like domain and 
the apolar and uncharged domains (i.e. n apolar I" consisting of residues from about 48-62 and "apolar II" 
30 consisting of residues from about 76-100) are underlined. Cysteines in the EGF-like domain and in the 
"cysteine knot" in the unique N-terminal domain ("NTD-cys knot") are boxed. The stop codon is denoted 
by the letter "O". 

Figs. 2A and 2B respectively show a diagramatic comparison of SMDF with GGFII, HRG-0 1 and 
ARIA (Fig. 2A) and an ammo acid sequence comparison of SMDF [SEQ ID NO: 2], GGFII [SEQ ID NO: 
35 3), HRG-pi [SEQ ID NO: 4] and ARIA [SEQ ID NO: 5J (Fig. 2B). In Fig. 2A, only major structural 
characteristics are shown. The EGF-like domain of SMDF is 100% identical to that of GGFII and HRG-ps, 
and 83% to ARIA at the nucleotide level. Like GGFII and HRG-p3, the SMDF sequence ends after the 8-10 
amino acid stretch which connects the EGF-like domain with the transmembrane domain (TM), and is devoid 
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of the latter and the cytoplasmic tail, which are present in HRG-01 and ARIA. Hie sequence of SMDF N- 
terminal of the EGF-like domain (i.e. the unique "NTD") bears no identity to any known neuregulin. It lacks 
the Ig-like domain which is characteristic of all known neuregulins. It also lacks the N-terminal hydrophobic 
signal sequence of GGFT1 but possesses a stretch of apolar and uncharged amino acid residues (apolar II). In 
5 Fig. 2B, homologous Ig-like, EGF-like, and TM domains are boxed. The EGF-like domain of SMDF is 
identical to those of GGFI1 and HRG-pl, but differs from ARIA by 7 amino acids (denoted by *). GGFII 
and HRG-p 1 have identical Ig-like domains and differ from ARIA by 30 and 35% at the nucleotide and 
amino acid (denoted fay *) levels, respectively. SMDF has no Ig-like domain. The TM domains of HRG- P 1 
and ARIA are identical. 
10 Detailed Description of the Preferred Embodiments 

I. Definitions 

In general, the following wards or phrases have the indicated definition when used in the description, 
examples, and claims: 

"SMDF" (or "sensory and motor neuron derived factor") is defined herein to be any polypeptide 

15 sequence that possesses at least one biological property (as defined below) of native sequence SMDF 
comprising the polypeptide sequence of Fig. 1A. This definition encompasses not only the polypeptide 
isolated from a native SMDF source such as human brain described herein or from another source, such as 
another animal species, but also the polypeptide prepared by recombinant or synthetic methods. It also 
includes variant forms including functional derivatives, alleles, isoforms and analogues thereof. Preferably the 

20 SMDF is not chicken SMDF. Sometimes the SMDF is "native SMDF" which refers to endogenous SMDF 
polypeptide which has been isolated from a mammal. The SMDF can also be "native sequence SMDF 
insofar as it has the same amino acid sequence as a native SMDF (e.g. human SMDF shown in Fig. 1A). 
However, "native sequence SMDP enco mp as se s the polypeptide produced fay recombinant or synthetic means. 
Optionally, the SMDF is not associated with native glycosylate. "Native glycosylation" refers to 

25 the carbohydrate moieties which are covalently attached to native SMDF when it is produced in the 
mammalian cell from which the native SMDF is derived. Accordingly, human SMDF produced in a non- 
human cell could be described as not being associated with native glycosylation, for example. Sometimes, 
die SMDF is not associated with any glycosylation whatsoever (e.g. as a result of being produced 
recombinant^ in a prokaryote). 

30 SMDF shown in Fig. 1 A has a unique amino terminal domain which distinguishes this protein from 

previously described neuregulin proteins. This is designated the "N-terminal domain" or "NTD" herein (i.e. 
from about residue 1 to about residue 222 of Fig. 1 A). However, the expression "NTD" includes functional 
equivalents of the NTD depicted in Fig. 1A. This NTD has a "NTD-cysteine knot" or "NTD-cys knot" which 
is from about amino acid residue 58 to about residue 91 of Fig. 1A. Two domains which consist 

3 5 predominantly of apolar and uncharged amino acid residues are also present These domains are designated 
"apolar I" (i.e. amino acid residues from about 48-62 of Fig. 1A) and "apolar II" (i.e. amino acid residues 
from about 76-100 of Fig. 1A) herein. 
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A "SMDF fragment" is a portioo of a naturally occurring full-length SMDF sequence having one or , 
more amino acid residues or carbohydrate units deleted. This term specifically excludes fragments consisting 
f the EGF-like domain only. The deleted amino acid residue(s) may occur anywhere in the polypeptide, 
including at either the N-terminaJ or C-terminal end or internally. Generally residues in the N-terminal 
5 domain will be deleted. The fragment will share at least one biological property in common with SMDF. 
SMDF fragments typically will have a consecutive sequence of at least 20, 30, or 40 amino acid residues of 
me NTD of SMDF. The preferred fragments have about 30-150 residues which are identical to the sequence 
of human SMDF. Other preferred SMDF fragments include those produced as a resuh of chemical or 
enzymatic hydrolysis or digestion of the purified SMDF. Exemplary fragments include SMDF with one of 
10 the apolar and uncharged domains (e.g. apolar 1) deleted; and SMDF with the NTD-cys knot deleted. 

"SMDF variants" or "SMDF sequence variants* as defined herein mean biologically active SMDFs 
as defined below having less than 100% sequence identity with the SMDF isolated from recombinant cell 
culture having the deduced amino acid sequence shown in Fig. I A. Ordinarily, a biologically active SMDF 
variant will have an amino acid sequence having at least about 70% amino acid sequence identity with human 
15 SMDF shown in Fig. 1A, preferably at least about 75%, more preferably at least about 80%, still more 
preferably at least about 85%, even more preferably at least about 90%, and most preferably at least about 
95%. 

A "chimeric SMDF is a polypeptide comprising full-length SMDF or one or more fragments thereof 
fused or bonded to a second protein or one or more fragments thereof. The chimera will share at least one 
20 biological property in common with SMDF. Examples of chimeric SMDFs include immunoadhesins and 
epitope tagged SMDF. 

The term "immunoadhesin" is used interchangeably with the expression "SMDF-immunoglobulin 
chimera" and refers to a chimeric molecule that combines a biologically active portion of the SMDF with an 
immunoglobulin sequence. The immunoglobulin sequence preferably, but not necessarily, is an 
2 5 immunoglobulin constant domain. The immunoglobulin moiety in the chimeras of the present invention may 
be obtained from IgG-1, IgG-2, lgC-3 or lgG4 subtypes, IgA, IgE, IgD or IgM, but preferably IgG-l or IgG- 
3. 

The term "epitope tagged" when used herein refers to a chimeric polypeptide comprising the entire 
SMDF, or a portion thereof; fused to a "tag polypeptide". The tag polypeptide has enough residues to provide 
30 an epitope against which an antibody thereagainst can be made, yet is short enough such that it dote not 
interfere with activity of the SMDF. The tag polypeptide preferably is fairly unique so that the antibody 
thereagainst does not substantially cross-react with other epitopes. Suitable tag polypeptides generally have 
at least 6 amino acid residues and usually between about 8-50 amino acid residues (preferably between about 
9-30 residues). 

35 "Isolated SMDP, "highly purified SMDF" and "substantially homogeneous SMDF" are used 

interchangeably and mean SMDF that has been purified from a SMDF source or has been prepared by 
recombinant or synthetic methods and is sufficiently free of other peptides or proteins (1) to obtain at least 
15 and preferably 20 amino acid residues of the N-terminal or f an internal amino acid sequence by using 
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T>*raming disease aatus'rete to the aa f determining likelihood f patient turvivml and time 
to relapse for neoplastic diseases, particularly breast, ovarian, stomach, endometrial, salivary gland, lung, 
kidney, colon, and bladder carcinomas. In particular, SMDF can be used to quantify erbB receptor (*.*.. 
«*B2. er»B3 or erbBA, but normally «*B2 receptor) overexpression in cancerous tissue taken from . patient 
suffering from carcinoma. This can also be referred to as "determining the proper course of treatment for 
patients suffering from cancer". For example, those patients characterized by erbB! overexpression may 
require more aggressive treatment (e.g. chemo- or radiotherapy treatment) than might otherwise be indicated 
by other diagnostic factors. This phrase encompasses diagnosing patients suffering from high grade ductal 
carcinoma in situ. See, e.g., Disis a a/., c mt »r 54: 16-20 (1994). 

The word "sample" refers to tissue, body fluid, or a cell from a patient. Normally, the tissue or cell 
will be removed from the patient, but in vivo diagnosis is also contemplated. In the case of a solid tumor, a 
tissue sample can be taken from a surgically removed tumor and prepared for testing by conventional 
tectariques. In the case of lymphomas and leukemias, lymphocytes, leukemic cells, or lymph tissues will be 
obtained and appropriately prepared. Other patient samples, including urine, serum, sputum, cell extracts etc 
will also be useful for particular tumors. 

The expression "labelled" when used herein refers to a molecule (e.g. SMDF or anti-SMDF antibody) 
which has been conjugated, directly or indirectly, with a detectable compound or composition. The label may 
be detectable by itself {e.g. radioisotope labels or fluorescent labels) or. in the case of an enzymatic label, 
may catalyze a chemical alteration of a substrate compound or composition which is detectable. The preferred 
label is an enzymatic one which catalyzes a color change of a non-radioactive color reagent. 

The phrase "activating HER2 receptor" refers to the act of causing the intracellular kinase domain 
of the HER2 receptor to phosphorylate tyrosine residues. Normally, the tyrosine residues will be present in 
the intracellular domain of the HER2 receptor which is activated (i.e. autophosphorylation), but it is possible 
that the receptor will phosphorylate residues in a substrate (such as an adjacent erbB receptor). erbB receptor 
autophosphorylation can be quantified using the KIRA-ELISA described herein. 

By "stimulating mhogenesis of a glial cell" is meant enhancing proliferation of the glial cell in vitro 
or in vivo. The extent of cell proliferation can be measured using the glial cell proliferation assay herein 
described A "glial cell" is derived from the central and peripheral nervous system and can be selected from 
oligodendroglial. astrocyte, ependymal, or microglial cells as well as satellite cells of ganglia and the 
neurolemma! or Schwann cells around peripheral nerve fibers. 

"Isolated SMDF nucleic acid" is RNA or DMA containing greater than 16 and preferably 20 or more 
sequential nucleotide bases that encodes biologically active SMDF or a fragment thereof, is complementary 
to the RNA or DNA, or hybridizes to the RNA or DNA and remains stably bound under moderate to stringent 
conditions. This RNA or DNA is free from at least one contaminating source nucleic acid with which it is 
normally associated in the natural source and preferably substantially free of any other mammalian RNA or 
DNA. The phrase "free from at least one contaminating source nucleic acid with which it is normally 
associated" includes the case where the nucleic acid is present in the source or natural cell but is in a different 
chromosomal location or is otherwise flanked by nucleic acid sequences not normally found in the source cell. 
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logically active SMDF sharing 

at least 75%. more preferably at least 80%, still more preferably at toast 85%, even more preferably 90%. and 
most preferably 95% sequence identity with the human SMDF shown in Fig. IA. 

"Control sequences- when referring to expression means DNA sequences necessary for the expression 
5 ofm<>penibtylirikedc*li^ The control sequences that are suitable 

for prcteyotes, for example, include a promoter, optionally an operator sequence, a ribosome binding she. 
and possibly, other as yet poorly understood sequences. Eukaryotic cells are known to utilize promoters, 
polyadenylatioa signals, and enhancers. 

"Operably linked" when referring to nucleic acids means that the nucleic acids are placed in a 
functional relationship with another nucleic acid sequence. For example, DNA for a presequence or secretory 
leader is operably linked to DNA for a polypeptide if it is expressed as a preprotein that participates in the 
secretion of the polypeptide; • promoter or enhancer is operably linked to a coding sequence if ft affects the 
transcription of the sequence; or a ribosome binding site is operably linked to a coding sequence if it is 
positioned so as to facilitate translation. Generally, "operably linked- means that the DNA sequences being 
linked are contiguous and. in the case of a secretory leader, contiguous and in reading phase. However, 
enhancers do not have to be contiguous. Linking is accomplished by ligation at convenient restriction sites. 
If such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in accord with 
conventional practice. 

^Stringent conditions- are those that (1) employ low ionic strength and high temperature for washing, 
for example, 0.015 M NaO/0.0015 M sodium citrate/0.1% NaDodSO, (SDS) at 50»C, or (2) employ during 
hybridization a denaturing agent such as fotniamide. for example, 50% (vol/vol) fonnamide with 0.1% bovine 
serum albumhVO.1% FtoouV0.1% polyvmylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 
mM NaCl. 75 mM sodium citrate at 42°C. Another example is use of 50% fonnamide. 5 x SSC (0.75 M 
NaCI. 0.075 M sodium citrate). 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate. 5 x 
Denhardt's solution, sonicated salmon sperm DNA (50 ug/mLX 0.1% SDS, and 10% dextran sulfate at 42X. 
with washes at 42°C in 0.2 x SSC and 0.1% SDS. 

"Moderately stringent cc^ftjons" are described in Sambrook et aL Molecular Cloning : A 1 „Kg^ 
Mjnual (New York, Cold Spring Harbor I^uxmrtory Press. 1 989). and include the use of a washing solution 
and hybridization conditions {e.g., temperature, ionic strength, and %SDS) less stringent than described above. 
An example of moderately stringent conditions is a condition such as overnight incubation at 37»C in a 
solution comprising: 20% fonnamide. 5 x SSC (150 mM NaCI, 15 mM trisodium citrate), 50 mM sodium 
l*osphate (pH 7.6), 5 x Denhardt's solution, 10% dextran sulfate, and 20 mg/mL denatured sheared salmon 
sperm DNA. followed by washing the filters in 1 x SSC at about 37-50'C. The skilled artisan will recognize 
how to adjust the temperature, tonic «rengtl«. ec., as neces^ 
35 and the like. 

The term "antibody- is used in the broadest sense and specifically covers single anti-SMDF 
monoclonal antibodies and anti-SMDF antibody compositions with polyepftopic specificity (including 
neutralizing and non-neutralizing antibodies). 
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******* hom^u, anybodies, the individual antibodies comprising the population are identic* 
except for possible n^H^ng mutations th* may be present in mmor ^ MonoclonaI 
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1* mcnoctona. -ntibod.es herein include hybrid and recombinant antibodies produced by splicing 
avanable (including hyperv.i.b.e) domain of an anti-SMDF antibody with . constant domain (,., 
0 ™:^^'«*^»»«vy^^ 

^ spec^ cc fusion, wn* heterologous proteins, regard^ of sp«» of origin or immunoglobulin class 
l^Z^T^ " ^ " ^ ^ * * • „ d Fv] , w long as they exhibit the 

Prot^onTechmffl^mdAmtimim PP-79-97 (Marcel Dekker, Inc.). New York (1987)] 
5 ^hH!!!^^ " n,OT0Cl0nal " bdiCateS * e *~» ° fthe -tibody as being obtained from a 

Z " ^ FW — ""-•^ "tibodies to be used in accordance with 

£r!rr n ■* * ■* * *■ hybridoma method * * ^ 

"6 495 (1975), or may be n-de by recombinant DNA methods (U.S. P*ent No. 4,816467) The 

T^^" ^ -'»'"— *™ ph*e .ibraries generated using the technic described 
m McCafferry a al.. Nature 348:552-554 (1990), for example. 

"Humane ferms ofnoo-human (,*. murine) antibodies are specific chimeric immunoglobulins. 
~g.obu hn chains or fragments thereof (.uch as Fv . Fab, Fab', F<ab), or other amigen-binding 
^couences of antibody) ^ ^ ^ ^ ^ ^ immmoglobulin J 

£ "ost par, humane antfcodies are human irnmur-gJobuUn. (recipient antibody) in which residues from 
lr« T7 de,enniniD8 re8i0m (CDRi) ° ftht - ^ »y -i-cs from the 

TZZTZlT ^ Fv a -" - * ^ m) °< *« h ™ ~<*<^ 

« replied by c«Tespc«ding nc^uman FR residues. Furthermore, the humanized antibody may comprise 

nations are made to further refine and optimise antibody performance. ,„ genera,, the humanized 

TT ^ <U,eaS,0ne ' aDd ^ -> — — * «- -* a„ or 

subst^ally „, of ,he CDR regions correspond to those of a non-human immunoglobulin and .,1 or 

.ubstantuuly d of the FR residues are those of a human immunoglobulin consensus sequence Tne 
hjntzed antibody optimally also will comprise at leas, a pordon of an imm^oglobulin constant region (Fc) 
typically that of a human immunoglobulin. 

By "neutndizmg antibody" is meant an antibody molecule as herein defined which is able to block 
c.s^tfy reduce an effeoor function f native sequence SMDF. For example, a neutra.iz.ng antibody 
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may inhibit or reduce the ability of SMDF to activate the hpr-7 . ^ 

herein. The neutra^g antibody may * 7ll^ ^ ^ 
8 X y block *• nutogenic activity of SMDF in the fi lia] ~n 

proliferation assay detailed in this application. 81,81 

^oo-imnninogenic in a human" means that upon contact™ the nolvn*^ • , 

•f sensitivity . resi^ to the polypi is ^^^1^1' ^ ""^ 

"Treatment" refers to both therapeutic treatment and prophylactic or w*™^;,,. ~ 

m. — — j r- ^ p»w|«ijri«cwc or preventative measures Those 

m need of treatment include those alre*ly wrth the disorder * well as those ^ ,„ k TT 
xo n^mwnichthedi^iatobcpr^w. *~ * ^ ^ " 

"Wanuiuil- for purposes of treatnierrt 

Preferably, the mammal herein is human. 

ILMatoi for Pr^iri^ ft; |frmj 

« 1. SMDF Polvn^d^ 

The SMDF cloned from human brain has the following characterises- 
(») it activates the HER2 receptor, and 
(b) it display, mitogenic activity on rat Schwann cells in vim, 
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thereof that encode the same or a similar gene, and/or homologous genomic DNAs or fragments thereof. 
Screening the cDNA or genomic library with the selected probe may be conducted using standard procedures 
as described in chapters 10-12 of Sambrook ex a/., Molecular Cloning : A Laboratory Manual (New Y rk: 
Cold Spring Harbor Laboratory Press, 1989). 
5 An alternative means to isolate the gene encoding SMDF is to use PCR methodology as described 

in section 14 of Sambrook et al. t supra. This method requires the use of oligonucleotide probes that will 
hybridize to the SMDF. Strategies for selection of oligonucleotides are described below. 

A p ie f e n e d method of practicing this invention is to use carefully selected oligonucleotide sequences 
to screen cDNA libraries from various tissues, preferably mammalian neural tissue. More preferably, human 

10 neural tissue cDNA libraries are screened with the oligonucleotide probes. 

The oligonucleotide sequences selected as probes should be of sufficient length and sufficiently 
unambiguous that raise positives are minimized. The actual nucleotide sequenced) is usually based on 
conserved or highly homologous nucleotide sequences (e.g. encoding the NTD or a portion thereof). The 
oligonucleotides may be degenerate at one or more positions. The use of degenerate oligonucleotides may 

15 be of particular importance where a library is screened from a species in which preferential codon usage is 
not known. 

The oligonucleotide must be labeled such that it can be detected upon hybridization to DNA in the 
library being screened. The preferred method of labeling is to use 32 P-labeled ATP with polynucleotide 
kinase, as is well known in the art, to radiolabel the oligonucleotide. However, other methods may be used 
20 to label the oligonucleotide, including, but not limited to, biotinylation or enzyme labeling. 

Nucleic acid having all the native SMDF coding sequence is obtained by screening selected cDNA 
or genomic libraries using the deduced amino acid sequence disclosed herein for the fust time, and, if 
necessary, using conventional primer extension procedures as described in section 7.79 of Sambrook et al., 
supra, to detect precursors and processing intermediates of mRNA that may not have been reverse-transcribed 
25 into cDNA. 

B. Amino Acid Sequence Variants of Native Sequence SMDF 

Amino acid sequence variants of native sequence SMDF are prepared by introducing appropriate 
nucleotide changes into the native sequence SMDF DNA, or by in vitro synthesis of the desired SMDF 
polypeptide. Such variants include, for example, deletions from, or insertions or substitutions of, residues 

30 within the amino acid sequence shown for human SMDF in Fig. 1A. Any combination of deletion, insertion, 
and substitution is made to arrive at the final construct, provided that the final construct possesses the desired 
characteristics. The amino acid changes also may alter post-translational processes of the native sequence 
SMDF, such as changing the number or position of O-Iinked glycosylation sites. 

For the design of amino acid sequence variants of native sequence SMDF, the location of the 

35 mutation site and the nature of the mutation will depend on the SMDF characteristics) to be modified. The 
sites for mutation can be modified individually or in series, e.g., by (1) substituting first with conservative 
amino acid choices and then with more radical selections depending upon the results achieved, (2) deleting 
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the target residue, or (3) inserting residues of the same or a different class adjacent to the located site, or 
combinations f options 1-3. 

A useful method for identification f certain residues or regions f the native SMDF polypeptide that 
are preferred locations for mutagenesis is called "alanine scanning mutagenesis/ as described by Cunningham 
5 and Wells, Stance, 244: 1081-1085 (1989). Here, a residue or group of target residues are identified (e.g., 
charged residues such as arg, asp, his, hys, and glu) and replaced by a neutral or negatively charged amino 
acid (most preferably alanine or poryalanine) to affect the interaction of the amino acids with the surrounding 
aqueous environment in or outside the cell. Those domains demonstrating functional sensitivity to the 
substitutions then are refined by introducing further or other variants at or for the sites of substitution. Thus, 
10 while the site for introducing an amino acid sequence variation is predetermined, the nature of the mutation 
perse need not be predetermined. For example, to optimize the performance of a mutation at a given site, 
alanine scanning or random mutagenesis is conducted at the target codon or region and the SMDF variants 
produced are screened for the optimal combination of desired activity. 

Triere are two principal variables in the construction of amino acid sequence variants: the location 
15 of the mutation site and the nature of the mutation. These are variants from the Fig. 1A sequence, and may 
represent naturally occurring alleles (which will not require manipulation of the native SMDF DNA) or 
predetermined mutant forms made by mutating the DNA, either to arrive at an allele or a variant not found 
in nature. In general, the location and nature of the mutation chosen will depend upon the SMDF 
characteristic to be modified. 
20 Amino acid sequence deletions generally range from about 1 to 30 residues, more preferably about 

1 to 10 residues, and typically are contiguous. Contiguous deletions ordinarily are made in even numbers of 
residues, but single cm- odd numbers of deletions are within the scope hereof. Deletions may be introduced 
into regions of kw homology among various mammalian SMDFs to modify the activity of SMDF. Deletions 
from SMDF in the EGF-like domain will be more likely to modify die biological activity of SMDF more 
25 significantly. The number of consecutive deletions will be selected so as to preserve die tertiary structure of 
SMDF in the affected domain, beta-pleated sheet or alpha helix. An exemplary SMDF deletion mutant 
is SMDF with residues 286-296 terminal to the EGF-like domain deleted. 

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions ranging in length 
from one residue to polypeptides containing a hundred or more residues, as well as intrasequence insertions 
30 of single or multiple ammo acid residues. Intrasequence insertions (i.e., insertions within the mature SMDF 
sequence) may range generally from about 1 to 10 residues, more preferably 1 to 5, most preferably 1 to 3. 
Insertions are preferably made in even numbers of residues, but this is not required. Examples of terminal 
insertions include SMDF with an N-terminal methionyl residue, an artifact of the direct production of SMDF 
in recombinant cell culture. Other insertions are described below in Section J entitled "Chimeric 
35 SMDF**. 

A third group of variants are amino acid substitution variants. These variants have at least one amino 
acid residue in the native sequence SMDF molecule removed and a different residue inserted in its place. The 
sites of greatest interest f r substitutional mutagenesis include sites identified as the active site(s) of native 
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•Pocies an identical among all SMDFs, tfajj ieptea^natomilio^ obtained fan various 

screened. -cm cia.ues, are introduced and the products 
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15 
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occurring residues m djvided ^ J™ * *** <* » *< ^ <* "* - **. Natun^ 
fn . .. grCUpS bBIed on "mmon side*hain properties: 

(!) hydrophobic: norieucine, met, ala, val, leu, il e; 

(2) neutral hydrophilic: cys. ser, thr; 

(3) acidic: asp, glu; 

(4) basic: asn, gin, his, lys, arg; 

(5) residues that influence chain , 

u " ,ucnce cnain orientation: gly, pro; and 

(<) aromatic: trp, tyr, phe. 
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residues are inserted adjacent to such sites. 

«H» Utf. .„„. „.«. bSMDP)SMDP ,A„_VI. hSMDF |R,,-KI 
ISMBF |D„,-E]. ^ p^V! bSMDF , Y,^ A) , hSMDF [V^L,. hSMDF (N.^a, hSMD F 
0 (V^-Ll hSMDF ^ [Ej„— Q], ^ [F^ n hSMDF (K^-R), ^ 

^DUSMDF (Q,,^ ^ ^ ^ ^ 

-4 » P-Wa EGF-like donaiii replaced with the P . w EGF-likt *»*. of „ roF „ 
«t«r pnpnd „ , no™*,,, „„,„, 

^m^ w «^ te ^ art>eDNAf<q|iroe(>fSMDp After feybricfeatic-n, a DNA 

Sam brook er o/. f ji^pm. 

A^ vely , smglMtranded DNA <^ late ^ * plasmjd 
I r other) DNA using standard techniques. 
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For^«i OT ofth eM tivcDNAse q u en c e (t genome amino acid sequence variants, for example), 
the ol-gonucleotidc is hybridize to the single-stranded template under suitable hybridise conditions A 
^ POlym,,i2ing «^ ^ ^« w fragment of DNA porymerase I, is then added to synthesize 
ttee^pkmM^^afita A heteroduplex 

5 mo.ecule is thus formed ^ that one strand of DNA encodes the mu«ed form of SMDF, and the other 
str-xJ (the engird tempfate) encodes the native, unaltered sequence of SMDF. This beterodupiex mo.ecule 
»^«"«*^imo.suin*leh^^ Afterthecells^ 
ffown, *ey « piled onto ^ ptates and screened using the oligonudeotide .rtner r-iiotabeled whh 
^ to dennfy me bacteria. cok™« ^ DNA . The mutated region is then removed and 

0 Placed m an appropriate vector for protein production. generally m vector of me type typically 

employed for transformation of an appropriate host 

The method described immediately above may be modified such that a homoduplex molecule is 
orated wherein both Brands of the plasmid contain the mutations). The modifications are as follows The 
"ngle-sa-nded oligonucleotide is anneatod to the sin g! e-stranded template a, described above. A mixture of 
> th« deoxyribecude^ deoxyriboadenosine (dATP), deoxynb<*uan«ine (dGTP), and deoxyribothymidine 
(dTTPX « combined with . modified mio^eoxyribocytosine called dCTP-<aS) (which am be obtained from 
theAmer^Corpomion^ Tliis mixnn* b added to the template-o.igonucleotide comp.ex. Upon addition 
of DNA porymerase to this mixture, a arand of DNA identic to the template except for the mutated bases 
Bgenented. In addition, this new strand of DNA will contain dCTP-(aS) instead of dCTP, which serves to 
protect it from restriction endoouclease digestion. 

Atethetempl-es^ofthe^ 
enzyme, the template stmnd can be digested with jmd nuclease or another appropriate nuclease past the 
n^th-conuinsthe^tobemu^eni^d. The reaction i, then stopped to leave a molecule mat is 
«ly P-tially smgle^ded. A complete double-stranded DNA homoduplex is then formed using DNA 
potymem* in the presence of all four deoxynbonucleotide triphosphates, ATP, and DNA ligase. This 
bemoduplex molecule can men be transformed into a suitable host cel. such as E. coU JMI01. as described 
above. 

DNA encoding mutants of native SMDF with more than one amino acid to be substituted may be 
generated m one of «ver«l way, ,f me amino acids are located close together in the polypeptide cham, they 
may be mutated simultaneously using one oligonucleotide that codes for all of the desired amino acid 
substntmott, If, however, me amino acids are located some disumee from each other (sem^ted by more mm 
about ten «mno acids), it is more difficult to generate a single oligonucleotide that encodes all of the desired 
changes. Instead, one of two alternative methods may be employed. 

to the first method, a separate oligonucleotide is generated for each amino acid to be substituted 
The ohgc*udeotides are men annealed to the single-stranded template DNA simultaneously, and the second 
«»d of DNA that fa synthesized from the template will encode all of the desired amino acid substitutions 
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The alternative method involves two or more rounds of mutagenesis to produce the desired mutant. 
The first round is as described for the single mutants: wild-type DNA is used for the template, an 
ligonucleotide encoding the first desired amino acid substitutions) is annealed to this template, and the 
heterodupJex DNA molecule is then generated. The second round of mutagenesis utilizes the mutated DNA 

5 produced m the first round of niutagenesisss the Thus, this template already contains one or more 

mutations. The oligonucleotide encoding the additional desired amino add substitution(s) is then annealed 
to this template, and the resulting strand of DNA now encodes mutations from both the first and second 
rounds of mutagenesis. This resultant DNA can be used as a template in a third round of mutagenesis, and 
so on. 

10 PCR mutagenesis is also suitable for making amino acid variants of native sequence SMDF. While 

the following discussion refers to DNA, it is understood that the technique also finds application with RNA. 
The PCR technique generally refers to the following procedure (see Erlich. supra, the chapter by R. Higuchi, 
p. 61-70). When small amounts of template DNA are used as starting material in a PCR, primers that differ 
slightly in sequence from the corresponding region in a template DNA can be used to generate relatively large 
15 quantities of a specific DNA fragment that differs from the template sequence only at the positions where the 
primers differ from the template. For introduction of a mutation into a plasmid DNA, one of the primers is 
designed to overlap the position of the mutation and to contain the mutation; the sequence of the other primer 
must be identical to a stretch of sequence of the opposite strand of the plasmid, but this sequence can be 
located anywhere along the plasmid DNA. It is preferred, however, that the sequence of the second primer 
20 is located within 200 nucleotides from that of the first, such that in the end the entire amplified region of 
DNA bounded by the primers can be easily sequenced. PCR amplification using a primer pair like the one 
just described results in a population of DNA fragments that differ at the position of the mutation specified 
by die primer, and possibly at other positions, as template copying is somewhat error-prone. 

If the ratio of template to product material is extremely low, the vast majority of product DNA 
25 fragments incorporate the desired mutation(s). This product material is used to replace the corresponding 
region in the plasmid that served as PCR template using standard DNA technology. Mutations at separate 
|«sitions can be introduced simultaneously by either using a mutant second primer, or performing a second 
PCR with different mutant primers and ligating the two resulting PCR fragments simultaneously to the vector 
fragment in a three (or more)-part ligation. 
30 In a specific example of PCR mutagenesis, template plasmid DNA (1 ug) is linearized by digestion 

with a restriction endonuclease that has a unique recognition site in the plasmid DNA outside of the region 
to be amplified. Of this material. 100 ng is added to a PGR mixture containing PCR buffer, which contains 
the four deoxynucleotide triphosphates and is included in the GeneAmpO kits (obtained from Perkin-Elmer 
Cetus, Norwalk, CT and Emeryville, CA), and 25 pinole of each oligonucleotide primer, to a final volume 
35 of 50 uL. The reaction mixture is overtayed with 35 uL mineral oil. The reaction mixture is denatured for 
five minutes at 100°C, placed briefly on ice, and then 1 uL Thermui aquatiau (Taq) DNA polymerase (5 
unhs/uL, purchased from Perkin-Elmer Cetus) is added below the mineral oil layer. The reaction mixture 
is then inserted into a DNA Thermal Cycler (purchased from Perkin-Elmer Cetus) programmed as f I lows: 
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2 min. 55°C 

30 sec. 72°C, then 19 cycles of the following: 
30 sec. 94°C 
30 sec. 55°C, and 
5 30 sec. 72°C. 

treatments for insertion into a vector. F 

. . ^ ""^nuaease ate on ad, ade «rf a* .damficd mutation site(s). If no such 

- l-b.,-*...^..^,. Each vector ooRtatau various eooupoMnu dopmdins on^bi 

and ■ tmucnption termination sequence. ' 
I?; Sequence Component 
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In general, die signal sequence may be a component of the vector, or it may be a part of the SMDF 
DNA that is inserted into the vector. The heterologous signal sequence selected should be one that is 
recognized and processed (i.e., cleaved by a signal peptidase) by die host cell. For prokaryotic host cells, 
a prokaryotic signal sequence selected, for example, from the group consisting of the alkaline phosphatase, 
5 penicillinase, ipp, or heat-stable enterotoxin II leaders. For yeast secretion the yeast invertase leader, yeast 
alpha fector leader (including Saccharomyces and Huyveromyces a -factor leaders, the tatter described in U.S. 
Patent No. 5,010,182 issued 23 April 1991), yeast acid phosphatase leader, mouse salivary amylase leader, 
carboxypeptidase leader, yeast BAR1 leader, Humicola lanuginosa lipase leader, the C albicans glucoamylase 
leader (EP 362,179 published 4 April 1990), or the signal described in WO 90713646 published 15 November 
10 1990 are available. In mammalian cell expression, viral secretory leaders (for example, the herpes simplex 
gD signal) can be used, if desired. 

The DNA for such precursor region is ligated in reading frame to DNA encoding SMDF. 

fii) Origin of Replication Component 
Both expression and cloning vectors contain a nucleic acid sequence that enables the vector to 
15 replicate in one or more selected host cells. Generally, in cloning vectors this sequence is one that enables 
the vector to replicate independently of the host chromosomal DNA, and includes origins of replication or 
autonomously replicating sequences. Such sequences are well known for a variety of bacteria, yeast, and 
viruses. The origin of replication from the plasmid pBR322 is suitable for most Gram-negative bacteria, the 
2u plasmid origin is suitable far yeast, and various viral origins (SV40, polyoma, adenovirus, VSV, or BPV) 
20 are useful for cloning vectors in mammalian cells. Generally, the origin of replication component is not 
needed for mammalian expression vectors (the SV40 origin may typically be used only because it contains 
the early promoter). 

Most expression vectors are "shuttle" vectors, i.e., they are capable of replication in at least one class 
of organisms but can be transfected into another organism for expression. For example, a vector is cloned 
25 in E. coti and then the same vector is transfected into yeast or mammalian cells for expression even though 
it is not capable of replicating independently of the host cell chromosome. 

DNA may also be amplified by insertion into the host genome. This is readily accomplished using 
Bacillus species as hosts, for example, by including in the vector a DNA sequence that is complementary to 
a sequence found in Bacillus genomic DNA. Transfectkm of Bacillus with this vector results in homologous 
30 recombination with the genome and insertion of SMDF DNA. However, the recovery of genomic DNA 
encoding SMDF is more complex than that of an exogenously replicated vector because restriction enzyme 
digestion is required to excise the SMDF DNA. 

(tii) Selection Gene Component 
Expression and cloning vectors should contain a selection gene, also termed a selectable marker. 
15 This gene encodes a protein necessary for the survival or growth of transformed host cells grown in a 
selective culture medium. Host cells not transformed with the vector containing the selection gene will not 
survive in the culture medium. Typical selection genes encode proteins nut (a) confer resistance to antibiotics 
or ther toxins, e.g., ampicillm, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic 
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deficiencies, or (c) supply critical nutrients not available from complex media, e.g., the gene encoding D- 
aianine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to arrest growth of a host cell. Those cells that 
are successfully transformed with a heterologous gate produce a protein conferring drug resistance and thus 
survive the selection regimen. Examples of such dominant selection use the drugs neomycin (Southern et a/., 
J, MPtoi APPIt gffltt, 1: 327 [1982]), mycophenolic acid (Mulligan et ai. 9 Science. 209: 1422 [1980]), or 
bygromycm (Sugden et «/., KM ftfl, Pto*t» * 41M13 [1985]). The three examples given above employ 
bacterial genes under cukaryotic control to convey resistance to die appropriate drug 0418 or neomycin 
(geneticin), xgpt (mycophenolic acid), or hygromycin, respectively. 

Another example of suitable selectable markers for mammalian cells are those that enable the 
identification of cells competent to take up the SMDF nucleic acid, such as DHFR or thymidine kinase. The 
mammalian cell transformants are placed under selection pressure that only the transfbrmants are uniquely 
adapted to survive by virtue of having taken up the marker. Selection pressure is imposed by cuhuring the 
transformants under conditions in which the concentration of selection agent in the medium is successively 
changed, thereby leading to amplification of both the selection gene and the DNA that encodes SMDF. 
Amplification is the process by which genes in greater demand for the production of a protein critical for 
growth are reiterated in tandem within the chromosomes of successive generations of recombinant cells. 
Increased quantities of SMDF are synthesized from the amplified DNA. Other examples of ampliftable genes 
include metaUothionetn-I and -II, preferably primate metallothionein genes, adenosine deaminase, ornithine 
decarboxylase, ere. 

For example, cells transformed with the DHFR selection gene are first identified by culturing all of 
the transformants in a culture medium that contains methotrexate (Mtx), a competitive antagonist of DHFR. 
An appropriate host cell when wild-type DHFR is employed is the Chinese hamster ovary (CHO) cell line 
deficient in DHFR activity, prepared and propagated as described by Urlaub and Chasin, Proc. Natl. Acad. 
5SLJ2&T7: 4216 (1980). The transformed cells are then exposed to increased levels of methotrexate. This 
leads to the synthesis of multiple copies of the DHFR gene, and, concomitantly, multiple copies of other DNA 
csomprising the expression vectors, such as the DNA encoding SMDF. This amplification technique can be 
used with any otherwise suitable host, e.g., ATCC No. CCL61 CHO-K1, notwithstanding the presence of 
endogenous DHFR if, for example, a mutant DHFR gene that is highly resistant to Mtx is employed (EP 
117,060). 

Alternatively, host cells (particularly wild-type hosts that contain endogenous DHFR) transformed 
or co-transformed with DNA sequences encoding SMDF, wild-type DHFR protein, and another selectable 
marker such as aminoglycoside 3-phosphotransferase (APH) can be selected by cell growth in medium 
containing a selection agent for the selectable marker such as an aminoglycoside antibiotic, e.g., kanamycin, 
neomycin, or G418. See U.S. Patent No. 4,965,199. 

A suitable selection gene for use in yeast is the trp\ gene present in the yeast plasmid YRp7 
(Stinchcomb et al., Nature, 282: 39 [1979]; Kingsman et of., Qs& 7: 141 [1979]; or Tschemper et al, Gene . 
10: 157 [1980]). The trp\ gene provides a selection marker for a mutant strain f yeast lacking the ability 
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to grow iii tryptophan, for example. ATCC No. 44076 or PEP4-1 (Jones, Genetic 85: 12 [1977]). The 
piesaoerfme flpl lesion in the yeast host cell genome then provides an effective environment for detecting 
trandonnatkm by growth in the absence f tryptophan. Similarly, /^-deficient yeast strains (ATCC 20.622 
or 38,626) are complemented by known plasmids bearing the LaO. gene. 
5 In addition, vectors derived from the 1.6 um circular plasmid pKDl can be used for transformation 

of Jao^a^yeaas. Bianchi et al., Curr_£siet» 12: 185 (1987). More recently, an expression system 
for large-scale production of recombinant calf chymosin was reported for K. laais. Van den Berg 
P*™***™' 8 135 ^990). Stable multi-copy expression vectors for secretion of mature recombinant 
human serum albumin by industrial strains of Kiuyvtromyces have also been disclosed. Fleer a al., 
10 Bio/Technology 9: 968-975 (1991). 

fiv) Promoter Component 
Expression and cloning vectors usually contain a promoter that is recognized by the host organism 
and is operably linked to the SMDF nucleic acid. Promoters are untranslated sequences located upstream (5') 
to the start codon of a structural gene (generally within about 100 to 1000 bp) that control the transcription 
and translation of particular nucleic acid sequence, such as the SMDF nucleic acid sequence, to which they 
•re operably linked. Such promoters typically fell into two classes, inducible and constitutive. Inducible 
promoters are promoters that initiate increased levels of traiiscription from DNA under their control in 
response to some change in culture conditions, e.g. . the presence or absence of a nutrient or a change in 
lenuxwure. At this time a targe number of promoters iwognized by a variety of poteuto 
known. These promoters are operably linked to SMDF-encoding DNA by removing the promoter from the 
source DNA by restriction enzyme digestion and inserting the isolated promoter sequence into the vector. 
Both the native SMDF promoter sequence and many heterologous promoters may be used to direct 
anntfficaion and/or expression of the SMDF DNA. However, heterologous promoters are preferred, as they 
gwerally permit greater traracription and higher yields of recombinant^ produced SMDF as compared to the 
25 native SMDF promoter. 

Promoters suitable for use with prokaryotic hosts include the B-lactamase and lactose promoter 
systems (Chang et al., HfiHE, 275: 615 [1978]; and Goeddel et al., Mature, 281: 544 [1979]). alkaline 
phosphatase, . tryptophan (trp) promoter system (Goeddel, Nucleic Acid. «~ 8: 40 57 [1980] and EP 
36,776), and hybrid promoters such as the tac promoter (deBoer * aL. Proc. Natl. Ac^ Sri 8 0: 21-25 
[1983]). However, other known bacterial promoters are suitable. Their nucleotide sequences have been 
published, thereby enabling a skilled worker operably to ligate them to DNA encoding SMDF (Siebenlist et 
al., fifll. 20: 269 [1980]) using linkers or adaptors to supply my required restriction sites. Promoters for use 
in bacterial systems also will contain a Shine-Dalgarno (S.D.) sequence operably linked to the DNA encoding 
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Promoter sequences are kiiown for eutayotes. Virtoally all eukaryotic genes have an AT-rich region 
located approximately 25 to 30 bases upstream from the site where transcription is initiated. Another 
sequence found 70 to 80 bases upstream from the start of transcription f many genes is a CXCAAT region 
where X may be any nucleotide. At the 3' end of most eukaryotic genes is an AATAAA sequence that may 
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be the signal for addition of the poly A tail to the 3' end f the coding sequence. All of these sequences are 
suitably insetted into eukaryotk expression vectors. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 3- 
phosphoglyeemte kinase (Hitzeman et al., J, BjpJ. Cftem,, 255: 2073 [1980)) or other glycolytic enzymes 
S (Hess et al, J, Afr, Bgyme R«„ T. 149 [1968]; and Holland, Biochemistry l* 4900 [1978]), such as 
cnotee, gr>ceraldehyoV3 1 >hos P hate dehydrogenase, Itexokmase, pyruvate decarboxylase, phc^ofmctokiiiase, 
glucoses-phosphate isomense, 3-phosphoglycerate rautase, pyruvate kinase, trioaephosphate isomerase, 
pbosphoglucose isomense, and ghiookinase. 

Other yeast promoters, which are inducible promoters having the additional advantage of transcription 
10 cortioned by growth o»dh^ c ^ 

phosphatase, degradative enzymes associated whh nitrogen metabolism, metallothionem, glyceralder.yde-3- 
phosphate ctebydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable vectors and 
promoters for use in yeast expression are further described in Hrtzeman er al., EP 73,657. Yeast enhancers 
also are advantageously used with yeast promoters. 

15 SMDF transcription from vectors in mammalian host cells is controlled, for example, by promoters 

obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2,21 1,504 published 5 July 
1989), adowvirus (such as Adenovirus 2X bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a 
retrovirus, hepatitis-B virus and most preferably Simian Virus 40 (SV40), from heterologous mammalian 
promoters, e.g., the actio promoter or an immunoglobulin promoter, from neat-shock promoters, and from 

20 the promoter normally associated with the SMDF sequence, provided such promoters are compatible with the 
host cell systems. 

The early and late promoters of the SV40 virus are conveniently obtained as an SV40 restriction 
fragment that also contains the SV40 viral origin of replication. Fien et al.. Nature. 273: 113 (1978); 
Mulligan and Berg, Sjaa* 209: 1422-1427 (1980); Pavlakis « al., Proc. Natl. ^ ma 78: 730,! 

25 7402 (1981). Trte immediate early promoter of the human cytomegalovirus is conveniently obtained as a 
Hindin E restriction fragment Gteanaway et al., Qas, 18: 355-360 (1982). A system for expressing DNA 
in mammalian hosts using the bovine papilloma virus as a vector is disclosed in U.S. Patent No. 4,419.446. 
A modification of mis system is described in U.S. Patent No. 4.601,978. See also Gray er al.. Nature. 295: 
503-508 (1982) on expressing cDNA encoding immune mtcrfcron in monkey cells; Reyes et al.. Nature. 297: 

30 598-601 (1982) on expression of human p-interferon cDNA in mouse ceils under the control of a thymidine 
kinase promoter from herpes simplex virus; Canaan! and Berg, Proc. Natl. Acad. Sri, ika, 79: 5166-5170 
(1982) on expression of the human mterftron pi gene in cultured mouse and rabbit cells; and Gorman a al.. 
Pre, NftL Aflrf, Scj, tFftft 79: 6777-6781 (1982) on expression of bacterial CAT sequences in CV-1 monkey 
kidney cells, chicken embryo fibroblasts, Chinese hamster ovary cells, HeLa cells, and mouse NIH-3T3 cells 

35 using the Rous sarcoma virus long terminal repeat as a promoter. 
(v) Enhancer Element Component 
Transcription of a DNA encoding the SMDF of this invention by higher eukaryotes is often increased 
by inserting an enhancer sequence into the vector. Enhancers are cis-acting elements of DNA, usually about 
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from 10to300bp,thatactona promoter to increase its transcription. Enhancers are relatively dentation 
and position roocpendent, having been found 3' O^nmins a al.. Proc. Natl. Acad. ScL USA. 7* QQ3 float ^ 
and 3* (Lusky a al. 9 Mol. Cell Bio.. 3: 1 10S [1983]) to the transcription unit, within an intron (Banerji et 
fl/., Cell, 33: 729 [1983]), as well as within the coding sequence itself (Osborne et aL, Mol. Cell Bio.. 4: 1293 
5 [1984]). Many enhancer sequences are now known from mammalian genes (globin, elastase, albumin, a- 
fetoprotein, and insulin). Typically, however, one will use an enhancer from a eukaryotic cell virus. 
Examples include die SV40 enhancer on the late side of the replication origin (bp 100-270), the 
cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the replication origin, and 
adenovirus enhancers. See also Yaniv, Nature. 297: 17-18 (1982) on enhancing elements for activation of 
10 eukaryotic promoters. The enhancer may be spliced into the vector at a position 5* or 3' to the SMDF- 
encoding sequence, but is preferably located at a site 5* from the promoter. 

(vi) Transcription Termination Component 

Expression vectors used in eukaryotic host ceils (yeast, fungi, insect, plant, animal, human, or 
nucleated cells from other multicellular organisms) will also contain sequences necessary for the termination 
15 of transcription and for stabilizing the mRNA. Such sequences are commonly available from the 5 9 and, 
occasionally 3\ untranslated regions of eukaryotic or viral DNAs or cDNAs. These regions contain nucleotide 
segments transcribed as potyadenyiated fragments in the untranslated portion of the mRNA encoding SMDF. 

(vii) Construction and Analysis of Vectors 

Construction of suitable vectors containing one or more of the above listed components employs 
20 standard ligation techniques. Isolated plasmids or DNA fragments are cleaved, tailored, and religated in the 
form desired to generate the plasmids required. 

For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures are used to 
transform E. coU K12 strain 294 (ATCC 31,446) and successful transformants selected by ampicillin or 
tetracycline resistance where appropriate. Plasmids from the trensfonnants are prepared, analyzed by 
2 5 restriction endonuclease digestion, and/or sequenced by the method of Messing et al., Nucleic Acids Res.. 
9: 309 (1981) or by the method of Maxam et a/., Methods in Enzvmologv. 65: 499 (1980). 
, (viii) Transient Expression Vectors 

Particularly useful in the practice of this invention are expression vectors that provide for the transient 
expression in mammalian cells of DNA encoding SMDF. In general transient expression involves the use 
30 of an expression vector that is able to replicate efficiently in a host cell, such that the host cell accumulates 
many copies of the expression vector and, in turn, synthesizes high levels of a desired polypeptide encoded 
by the expression vector. Sambrook et al. % supra, pp. 16.17 - 1622. Transient expression systems, 
cxnnprising a suitable expression vector and a host cell, allow for the convenient positive identification of 
polypeptides encoded by cloned DNAs, as well as for the rapid screening of such polypeptides for desired 
35 biological or physiological properties. Thus, transient expression systems are particularly useful in the 
invention for purposes of identifying analogs and variants of native sequence SMDF that are biologically 
active SMDF. 



2B 



fe 



W ° 96,15244 PC170S95/14575 
(be) Suitable Exemplary Vertebrate Cell Vectors 
Other methods, vectors, and host cells suitable for adaptation to the synthesis of SMDF in 
recombinant vertebrate cell culture are described in Getting a al.. Nature . 293: 620-625 (1981); Mantei et 
al, MaSHES, 281: 4<M6 (1979); EP 117,060; and EP 1 17,058. A particularly useful ptasnid for mammalian 
5 cell culture production of SMDF ispRK5(EP 307,247) or pSVloB (WO 91/08291 published 13 June 1991). 
The pRK5 derivative pKK5B (Hobnes et al, gcjence, 253: 1278-1280 [1991© is particularly suitable herein 
for such expression. 

D. Selection and Tnmdwmtfan of Hn«t rvn. 

Suitable host cells for cloning or expressing the vectors herein are the prokaryote, yeast, or higher 
10 eukaryote cells described above. Suitable prokaryotes for this purpose include eubacteria, such as Gram- 
negative or Gram-positive organisms, for example. Enterobacterial such as Escherichia, e.g., E. coli, 
Emerobaaer, Enwua, Klebsiella, Proteus, Salmonella, e.g.. Salmonella typhimurium, Serratia, e.g., Serratia 
marcestms, and Shigella, as well as Bacilli such as B. subtilis and B. Uchenifomis (e.g., B. Ucheniforms 
41P disclosed in DD 266,710 published 12 April 1989), Puudomonas such as P. aeruginosa, and 
15 Streptomyces. One preferred £ coli ckming host is £ coli 294 (ATCC 31.446), although other strains such 
as E. coli B, £ coU X1776 (ATCC 3U37X £ cob' DH5o, and E. coli W31 10 (ATCC 27,325) are suitable. 
Thee examples are illustrative rather than limiting. Strain W3110 is one particularly preferred host or parent 
host because it is a common host strain for recombinant DNA product fermentations . Preferably, the host cell 
secretes minima) amounts of proteolytic enzymes. For example, strain W3110 may be modified to effect a 
genetic imitation fa the genes encode 
E. coli W3110 strain 1A2, whk* has me ccmpte genrtvpe iwi^ : £ coli W3110 strain 9E4, which has the 
complete genotype ft«HAprrJi£ coli W3110 strain 27C7 (ATCC 55,244* which has the complete genotype 
tonAptr3phoAAE15 *.(argF-lac)169 adegP AanpT W; £ coli W3110 strain 37D6, which has the complete 
genotype tonA ptrtphoAAEU A(argF-1ac)169 Meg? AompT Arbs7 ilvG karf; E. coU W3110 strain 40B4. 
25 which is strain 37D6 with a non-kanamycin resistant degP deletion mutation; and an E. coli strain having 
mutant periplast!* protease disclosed in U.S. Patent No. 4,946,783 issued 7 August 1990. Alternatively, in 
vitro methods of cloning, e.g., PCR or other nucleic acid polymerase reactions, are suitable. 

In addition to prokaryotes. oikaryotic microbes such as filamentous fungi or yeast are suitable 
cloning or expression hosts for SMDF-encoding vectors. Saccharomyces cerevisiae, or common baker's yeast, 
30 is the most commonly used among lower eukaryotic host microorganisms. However, a number of other 
genera, species, and strains are commonly available and useful herein, such as Schizosaccharomyces pombe 
(Beach and Nurse, fcJfflSE, 290: 140 [1981]; EP 139.383 published 2 May 1985); Kluyvenmyces hosts (U.S. 
Patent No. 4,943.529; Fleer et al., supra) such as, e.g., K. laais (MW98-8C, CBS683, CBS4574; 
Ixwvencouit e? al., \ Pyflriol 737 [1983]). K. fiagilis (ATCC 12,424). K. bulgaricus (ATCC 16,045). K. 
35 wickenvnU (ATCC 24,178), K. waMi (ATCC 56400). K. drosophilarum (ATCC 36.906; Van den Berg et 
al., supra), K . thermotolerans. and K. mandanus; yarrowia (EP 402,226); Pichia pastoris (EP 183.070; 
Sreekrishna et al., J. Basic Mifrobjp],. 28: 265-278 [1988]); Candida: Trichoderma reesia (EP 244,234); 
Neurospora crassa (Case et al., Proc. Natl. Acad s n j yftA. 76: 5259-5263 [1979]); Sdrwanniomyces such 
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as Schwanniomyces occidentals (EP 394,538 published 31 October 1990); and filamentous fungi such as, 
e.g., Neurosporu, PcniciUiutru Tofypociadium (WO 91/00357 published 10 January 1991), and Aspergillus 
hosts such as A. nidulans (Ballance et al. f Biochem. Bionnvs. Res. Commun.. 112: 284-289 [1983]; Tilbum 
et aL, Qs&, 26: 205-221 [1983]; Yelton et c/., Proc. Natl. Acad. Sci. USA, 81: 1470-1474 [1984]) and A. 
5 ttiger (Kelly and Hynes, EMBO J.. 4: 475-479 [1985]). 

Suitable host cells for the production of SMDF are derived, from multicellular organisms. Such host 
cells are capable of complex processing and glycosylation activities. In principle, any higher eukaryotic cell 
culture is workable, whether from vertebrate or invertebrate culture. Examples of invertebrate cells include 
plant and insect cells. Numerous baculoviral strains and variants and corresponding permissive insect host 

10 cells from hosts such as Spodoptera frugiperda (caterpillar), Aedes aegypti (mosquito), Aedes albopiaus 
(mosquito), Drosophila melanogaster (fruitfly), and Bombyx mori have been identified See, e.g., Luckow 
et aL f Bio/Technology. 6: 47-55 (1988); Miller et aL, in Genetic Engineering, Setlow, J.K. et a/., eds., Vol. 
8 (Plenum Publishing, 1986), pp. 277-279; and Macda et a/., Nature. 315: 592-594 (1985). A variety of viral 
strains for transfection are publicly available, e.g., the L-l variant of Autographa californica NPV and the 

15 Bm-5 strain of Bombyx mori NPV, and such viruses may be used as the virus herein according to the present 
invention, particularly for transfection of Spodoptera frugiperda cells. 

Plant cell cultures of cotton, com, potato, soybean, petunia, tomato, and tobacco can be utilized as 
hosts. Typically, plant cells are tmsfected by incubation with certain strains of the bacterium Agrobacterium 
tumeftuiens, which has been previously manipulated to contain the SMDF DNA. During incubation of the 

20 plant cell culture with A. tumefaciens, the DNA encoding the SMDF is transferred to the plant cell host such 
that h is transacted, and will, under appropriate conditions, express the SMDF DNA. in addition, regulatory 
and signal sequences compatible with plant cells are available, such as the nopaline synthase promoter and 
polyadenylation signal sequences. Depicker et a/., J. Mol. Arol. Gen.. 1: 561 (1982). In addition, DNA 
segments isolated from the upstream region of the T-DN A 780 gene are capable of activating or increasing 

25 transcription levels of plant-expressible genes in recombinant DNA-containing plant tissue. EP 321,196 
published 21 June 1989. 

However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells in culture 
(tissue culture) has become a routine procedure in recent years (Tissue Culture . Academic Press, Knise and 
Patterson, editors [1973]). Examples of useful mammalian host cell lines are a monkey kidney CV1 cell line 

30 transformed by SV40 (COS-7, ATCC CRL 1651); a human embryonic kidney line (293 or 293 cells 
subcloned for growth in suspension culture, Graham et al. t J. Gen Virol.. 36: 59 [1977]); baby hamster kidney 
cells (BHK, ATCC CCL 10); Chinese hamster ovary cellsADHFR (CHO, Urlaub and Chasin, Proc. Natl. 
Acad. Sci. USA . 77: 4216 [1980]); mouse Sertoli cells (TM4, Mather, Biol. Renrod.. 23: 243-251 [1980]): 
monkey kidney cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL- 

35 1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); 
bufifelo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human liver 
cells (Hep G2, HB 8065); mouse mammary tumor cells (MMT 060562, ATCC CCL51); TRI cells (Mather 
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er o/ M AnnabN.Y. Afrj, ftl 44-68 [1982]); MRC 5 odls; FS4 cells; and a human hepatoma line (Hep 
G2). 

Host cells are transfected with the above-described expression or cloning vectors of this invention 
and cultured in conventional nutrient media modified as appropri ate for inducing promoters, selecting 
5 transformants, or amplifying the genes encoding the desired sequences. 

Numerous methods of transfection are known to the ordinarily skilled artisan. For example, calcium 
treatment employing calcium chloride, as described in section 1.82 of Sambrook et a/., supra, or 
electroporation is generally used for prokaryotes or other cells mat contain substantial cell-wall barriers. 
Infection with Agrobaaerium tumefaaens is used for transformation of certain plant cells, as described by 
10 Shaw er a/., Gene. 22: 315 (1983) and WO 89/05859 published 29 June 1989. In addition, plants may be 
transfected using ultrasound treatment as described in WO 91/00358 published 10 January 1991. 

For mammalian cells without such cell walls, the calcium phosphate precipitation method of Graham 
and van der Eb, Virology. 52: 456-457 (1978) is preferred. General aspects of mammalian cell host system 
transformations have been described by Axel in U.S. Patent No. 4,399,216 issued 16 August 1983. 
15 Transformations into yeast are typically carried out according to the method of Van Solingen er al., J. Bact.. 
130: 946 (1977) and Hsiao er al., Proc. Natl. Acad. Sri. OJSA1 76: 3829 (1979). However, other methods 
for introducing DNA into cells, such as by nuclear microinjection, electroporation, bacterial protoplast fusion 
with intact cells, or porycarions, e.g., porybrene, polyornithine, etc., may also be used. For various techniques 
for transforming mammalian cells, see Keown er al % Methods in Enzvmologv. 185: 527-537 (1990) and 
20 Mansour et al.. Nature. 336: 348-352 (1988). 
Ei CtilfrliPg thy Hofl ftlls 

Prokaryotic cells used to produce the SMDF or SMDF variant are cultured in suitable media as 
described generally in Sambrook et al., supra. 

The mammalian host cells used to produce die SMDF of this invention may be cultured in a variety 

25 of media. Commercially available media such as Ham's F-10 (Sigma), F-12 (Sigma), Minimal Essential 
Medium ([MEM], Sigma), RPMI-1640 (Sigma), Dulbecco's Modified Eagle's Medium ([D-MEM], Sigma), 
and D-MEM/F-12 (Gibco BRL) are suitable for culturing the host cells. In addition, any of the media 
described, for example, in Ham and Wallace, Methods in Enzvmologv. 58: 44 (1979); Barnes and Sato, Anal. 
Biochem.. 102: 255 (1980); U.S. Patent Nos. 4,767,704; 4,657,866; 4,927,762; 5,122,469; or 4,560,655; U.S. 

3 0 Patent Re. No. 30,985; WO 90/03430; or WO 87/00195 may be used as culture media for the host cells. Any 
of these media may be supplemented as necessary with hormones and/or other growth rectors (such as insulin, 
transferrin, aprotinin, and/or epidermal growth factor [EGF]), salts (such as sodium chloride, calcium, 
magnesium, and phosphate), buffers (such as HEPES), nucleosides (such as adenosine and thymidine), 
antibiotics (such as Gentamycin™ drug), trace elements (defined as inorganic compounds usually present at 

35 final concentrations in the micromolar range), and glucose or an equivalent energy source. Any other 
necessary supplements may also be included at appropriate concentrations that would be known to those 
skilled in the art. The culture conditions, such as temperature, pH, and the like, are those previously used 
with the host cell selected for expression, and will be apparent to the ordinarily skilled artisan. 
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in geneml, principles, protocols, and practical techniques far maximizing the productivity of in vitro 
m^alian cell cuhures can be f und in Mammalian Cell Biot^nolo.v: . ^ M , ^ 

ed. (IRL Press, 1991). . 

Tl* host cells referred to in this disclosure encompass cells in m w ro culture as well as cells that 
5 are within a host animal. 

I.. Detecting Gene Amnlifjcation/ExnrgTjion 

Gene amplif,«tion and/or expression may be measured in a sample directly, for example by 
convrrfronal Southern blotting, northm, blotting to quanthate fee tnmscription of mRNA (Thomas. Proc. Natl 
A98d - W- VSA ' 771 5201 - 5205 l 1 ™)), d °< blotting (DNA analysis), or*** hybridization, using m 
-ppropnatcly labeled probe, b«ed on the sequences provided herein. Various bbels mry be employed, most 
commonly radioisotopes, particularly "p. However, other techniques may also be employed, such as using 
b,ot,n-mod»fied nucleotides for introduction into a polynucleotide. The biotin then serves as the site for 
bmding to avidin or antibodies, which may be labeled with a wide v«i«y of labels, such as radionuclides, 
fluoresces enzymes, or the like. Alternatively, antibodies may be employed that am recognize specific 
duplexes, including DNA dupfcxes. RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protein duplexes 
The antibodies in turn may be labeled and the assay may be carried out where the duplex is bound to a 
surface, so that upon the formation of duplex on the surface, the presence of antibody bound to the duplex 
can be detected. 

Gene expression, alternatively, may be measured by immunological methods, such as 
unn^dustochonical sUimng of tis^e sections and assay of ceil culture or body fluids, to quantitate directly 
the expression of gene product With immunochemical staining techniques. « cell sample is prepared 
typically by dehydration and fixation, followed by reaction with labeled antibodies specific for the gene 
product coupled, where the labels are usually visually detectab.e, such as enzymatic labels, fluorescent labels 
lummescent labels, and fee like. A particularly sensitive staining technique suitable for use in the present' 
invention is described by Hsu et al.. Am. J. Clin 75: 734.73, (|980) . 

Antibodies useful for immunohistochemical staining and/or assay of sample fluids may be either 
monoclone or polyclonal, and may be prepared in any mamma,. Conveniently, the antibodies may be 
prepared against a native sequence SMDF polypeptide or against . synthetic peptide based on the DNA 
sequences provided herein as described Anther in Section 7 below. 
30 G- Purification of SMDF P^lypT*.^ 

SMDF Preferably is recovered from the culture medium as . secreted polypeptide, although it also 
may be recovered from host cell lysates. 

When SMDF is produced in a recombinant cell other than one of human origin, the SMDF is 
completely free of proteins or polypeptides of human origin. However, i, is necessary to purify SMDF from 
cell protems or polypeptides to obtain preparations that are substantially homogeneous as to SMDF. As a firs, 
«ep, the Particulate debris, either host cells or lysed fragments, is removed, for example, by centrifugation 
or ultrafiltmion; tonally, the protein may be concentrated wife . commercially avai.ab.e protein 
concentrate filter, followed by separating the SMDF from other impurities by one or more steps selected 
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tha^i n CCnt4ra,ng " M,f ^ on B,ue- 

&ph«ose. CM Blue-Sepharose, MONO-Q, MONO-S. lentil lectm-Seph-ose, WGA-Zl! r 7 
Seph.ro*. Ether Toyoport, Butyl Toyopearl Phenyl Tovc^l ™T 
5 chromatognmhy silica ctatJZJTT w protein A Sepharose, SDS-PAGE 

nwwgnpny, silica chromatognphy, ctoomatofocusing, reverse phase HPir „ -,. 
■PP-ded aliphatic groups), gel filtration ^ ^ **" — * •» 

chronutoKranhv chm™*™-^ , molecular neve or size-exclusion 

nroinatognpny, dmmatography on columns that selectively bind the SMDF and 

«d Miotics may be included to preveTle aJTf 8 ^ * PTOte ° lySis 

&MDF variants in which residues have been deleted, inserted, «*• BihtHtnta^ 
fcshion as nafVe s^ smdf. ^ ^ of ^0^2 " ^ ^ 

variation For™,i ™™8 "cecum any substernal changes m properties occasioned by the 

vanation. For example, reparation of a SMDF fusion with tag polypeptide, e * » k**™. „ • , 

"»i oy Dinung it to at least one remaining immune epitope 
One .killed in the an will appreciate that purification methods suitable for native sequence SMDF 
nu* require modification to account for changes in the character of SMDF or in «-J 
20 in recombinant cell culture. «"™«er SMDF or ,ts vanants upon production 

Br Covalent Mortificari.™ „f ft Hpr n-hprp, ;, !, , 

^ .^1^ Bom 

native sequence SMDF and mmo Kld ^ ^ ^ °* 

covalent modification included within the ««n, „f . X * nodllied - °" e «yP« of 

25 SMDF framnenta h • within the scope of this invention is the preparation of a SMDF fragment 

SMDF fragments — S up to about 40 m ino acid residues may be conveniently prepared by dLrf 

W * - cle»vag e of me fu.Hength or variant SMDF JhZT 1 

of covalent modifications of the SMDF „, «v. . v^nant SMDF polypeptide. Other types 

a*™*.* • ^ me " tS into the molecule by reacting 

targeted ammo acid residues of the SMTiF ™ lc Dy ""aing 

«— also are deHva^^ S^^T ^emy, 

ch.oro.ety, phosphate N !oZiresTT a0etonC ' ^^^^onic .id. 
^ * kylma,e,n,,deS ' ^nitrc-a-pyridyl disulfide, methyl 2-pyndyl disulfide o- 

. zrtTt™ im ^ 01 ' orch,«o- 7 .„ itrob _ 2 _ 1 p ;^ ] ; ,fide ' p - 

H-idyl res.dues are denvatized by reaction with d.ethylpy.ocarbonate at pH 5.5-7 0 because this 

•gent is relatively specific for the histidyl side chain iwi™^ ... P" ^ 7.0 because this 

, ... ' ftra ^ rora ophenacyl bromide also is useful the reaction 

- Preferably performed in 0.1 M sodium cacodylate at pH 6.0. 
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miiM are modified by ^ „».__„,„ 

p^"^ u^^^^. o^x.rr: 

^^^^^^^^^^^^^ « 

^"Mbve^ lespeoovely. lyrosyl resahjes are iodinated using or °'l to prepare labeled proteins for use 
to rsdmnmuMMssiy, the dilonmnte T melliod described above being suitable 

— ^ « diSerent alkyl groups, such as l^mm*^^^ 

Z^Z '•'* i<to ^' , -^ M -». ^ N*ydr^ taM , 

" "^""■"■^^ - *-»». u-eimUe, s«b a, m»-*JL 

^^^^ Glttaminvl and aaparagiiryl residues are frequently desmidated to the corresponding glutamyl and 
damnhud torn, of these ^due, fill, ^ « |mnd011 

»6 PH3D. are,,.,,, of the N-cemuhal amiae, „d ^ io „ of _ ^ 
-v^o^^d.^^,^^^^^ By^ngisnJl^ 



-34- 



30 



35 



WO 96/15244 

PCT/TO95/14575 

sites thai are not present in the native sequence SM DF. " ^ « "~ I*"**- 

Glycosylate of polypeptide, i, typicdly either N-.udced or Clinked. N-linked refers - ,k 

«*chment of the c-bobydntte moi«y «o the side chain of an asparagine Jl , 

5 aamciiie-X«ri ne »i M «.^. v- . "paragine residue. The tnpeptide sequences 

"paragme-X-serme and aspanujme-X-tfveonine, wh« X i, ary amim> add except proline. m , h , 

sequence, for enzymatic «tachment of the carbohydrate moiety to the ZZETl* °" 
of either of these tripeptide sequences fa polypeptide^ ? *T * 

^ c«J . Zl M IT W SeqUn,Ce SMDF "*«"** « P-'-ed bases such 
Another means of increasing the number of carbohydrate moieties an th. <un> , 

WO 17(05330 mttoted I ism^ior, ., • . „ "«"" ,mi »«- ™~ "Oho* m docribed in 
306(19.,,. *^™^^*^™™»~-Mllin f| ... 

y or cnzymaneaily. Chemica] degjycosylation requires exposure of the nolvnentiH. ,„ 
259: 52(1987)andbyEdBe« fl ; i„i »^ ^ g SlWhffTI, PlOPtnTf , 

formation of protein-N-glycoside linkages. 



35- 



WO 96/15244 

PCT/DS95/14575 

vzr - *** * u * —»* <•«««* 4*.m* ^,r;,™,r: 

5 SMDF abo may be entrapped in microcapsules prepared, for k.. 

|. SfftCTinf for Biolnci^ iiy SMnF y.^ .. 
those molecules wh.ch are biologically and/or amigenically active Comaetitiv^ 

^^^^ j^rrrznz: 

*™dency to aggregate with camera or into HralttnKRi are assayed by mjetbodt well known in the ttt 

CO erbB Receptor KIRA-EUSA 

20 active ^ " ^ ^ qWtll * iVe]y me8SUnng ° f 8 SMDF vanant to 

20 — - Whi.e the desenption that fo.lows refers to the ertBl receptor the KIRA ELISA 

2 c . n . j. specinc antibodies are affinity purified using an FPLC 

tai^atfoeiPBS, .H,.. ' , ^^^^^"^^mphBpta.. 

be *M tan An— Type a***. (AICC , 

^^^C^r^and*,^.^^,^ Cdu t 
Media camming either culora medium (control), native sequence SMDF or nriam SMDF ii iheTadded to 
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each well. The cells are stimulated at 37°C for mh*»* ™ 

J/ Lror 81)0114 30 nun., the well supematants are decanted. and th. 

MOX pH 7.5. The plate is then agitated gently on a plate shaker (Bellco l«m, „ w . ' 

into, at room temperature. P ■* snaker (Belico Instruments, Vmeland, NJ) for 60 

10 o^ZT ^ 8 ° ,Ubili2ed ' " EUSA ■** (Nunc Max-orp, Inter Med, 

-P- on a p^ towel „d bIockea ^ 150 ^ of mxk Buffa 
^^^oitonmg 0.5 % BSA (Images Company, Purchase, NY) and 0.01 94 thimerosal) lor 60 min. at room 

15 (Scan Washer 300, Skatron Instruments, Inc. Sterling, VA). 

ulM * ' yS "ir Jlining SO ' Ubili2Cd ^ 185HBU *• cen^tun, micros we,, i, transferred (85 
^0 to . ant^ M ^ bkxteJ ^ wei] ^ ^ fw 2 ^ 

nIat . . u ^ J » added to each well . After mcubation for 2 h at room temperature the 

r"*" " «"~-*P- -P*vidi„ (Zymed I^or-ori*, S. San FrJZ^ 
buffer ts added to each we,,. The P ,ate is incubated for 30 mimnes at room tempem^ 

of 650 „m (ABS , " " *° ^ " ^ " reference ™e,e„gth 

« (Apple computer, Cupertino. CA) and DehaSoft Mftwe (BioMe^.. tac . 

Thus; me degree of receptor amophosphory.ation induced by the variant SMDF « H 
compared to that induced by native seouence SMDF as we., as the control rllTT 
Accordingry, variams which possess the bio.ogical Dr0De l " "° "*■*■>■ 

identified. ^ ^ " "** be routinely 

00 CWa/ cell proliferation assay 

me iuka-ELISA described above) is available. 

Schwann cel., isolated from the sciatic nerves of two day old ms are purified free of 
contaminating fibroblasts and other cells n»md« - -i • „ 

ana other cells [Brockes er A. Bram_ B es 1 , 165: 105-1 18 (.979)], and grown m the 
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i0 J Chimeric SMpff? 

IS descnbed in WO 89/02922 published 6 April 1989. 

'7' <mb ° diment 11,6 ChimCTiC "»'*"' • «— of the SMDF (or a 

SZ^^ViT wh " prov,des - ■ — - — * - 

se^vdy btnd. The epttope *g u g^y ^ „ ^ ^ „ ^ ^ ^ 

^JT ^ A1S0> ^ ° f ^ ^ - — *" SMDF to be readily 

^ * ^ PUrifiC ' ti0n "*» *' Affinity puHf^on technics and diagnostic 

•ssays involving antibodies are described later herein "agnostic 

HA ** re5PertVe " ntib0d,eS Exatnplcs inc.udc me flu 

2S ^IT 1 12CA5 ' ffieW «^-.MoJJCdl^«:2I59.2Io5 [1988J); the cmyc 

Z Z 7 ^ SlmP,eX *" *"»~»" D <*» 1 - * "".body (Paborsky 

• ^mmMm^M 3(6):547-S53 1,990]). Other Ug po.ypepddes have been disclosed. Examples 
"^"*Ae Flag-peptide (Hopp «r a/., gjojjecjinojggy. 6:I204>I210 [1988]); the KT3 epitope peptid^ 

IT* , '■ ^ 1 " b «* -»°0v thereto can be generated 

using the techniques disclosed herein. 

SMDF lll!!^ 6 SMDF "* ^ **** m imfflUn0adheSin ^ « «"* than native 

SMDF. Irnmunoadhes^ constructed from a po.ypcp.ide linked to a heterologous immunoglobulin constant 
35 domain sequence are known in the art. 

I* simplest and most straightforward immunoadhesin design combines SMDF with the hinge and 
^ons of an immunoglobulin heavy chain. Ordhwi.y. when preparing the SMDF-immunog.obu.in 
*— of the present mv ention, nucleic acid encoding the SMDF, or a ftagmen, ^ wjIJ * ^ c . 
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5 fc.^...,^,..,.,,^^ ■"' k,,, " ,,> ' n - 

10 constnict in impropriate host cells. 

30 disease, which is a syndrome involving muscular w«lm~c ^ - ,. ^ 8 

is caused bvde™; , ™S weakness and trophy wnh spasticity and hyperreflexia. ALS 

n ^Xl < tT IOn ° fmOt0r ^ * «* —k -"<» cortex. If on.y ce„s of motor crania, 
^«o ^ other .seases of the motor neuron, including genetical. y .,„*ed motor neuron ( , 

is demyelination, damage or loss of glial cells (*.,. mult ip,e sclerosis). * 

SMDF is also believed to find theraDeutic uw fi» : . , 

, lum «™*»peutic use for treating penphera! nerve damage (f.p. giant axonal 

**ropathy. hereditary sensory hypertrophic neuropathy and sensorv n*™™^ , 

o,,,,.. „ "wropamy, ana sensory neuropathyX leprous neuropathy. Landry- 

GU,1,iUn ^ "» d """Patny caused by carcinomas or toxic agents. 
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in s me embodiments, it may be desirable to treat c^cinomas cWtcnzcd by ert ,B recept r 
wwwprastw using SMDF to direct a cytotoxic agent to the cancerous tissue. Examples f^xicZs" 
!" * WHh SMDF ™ lude - ^ - radioactive molecule, For example the 

!T A ChaiD ' A ^ *«- A prouins, curcin 

cratm, gelonin and abrin A chain). AhonativCy, cytotoxic rrfioph^c.,, may be made by co„ Jugating 
h.gh Imear energy transfer (LET) emitting isotopes (e.g. Y, Pr) to the SMDF 

Therapeutic formulations of SMDF are prepared for storage by mixing SMDF having the desired 
degree of pumy with optional Physiologically acceptable carriers, excipients, or stable (&mims ^ 
0 mm*m*)^n 16th Edition, Oso,., A., Ed., 1.980,), to the form of lyophiIi«d JeTZot 

^L Ph ™ iCal ' y " CCePttble ^ " ~ atoxic to recipients at the 

dosages a* concen«ions employed, and include buffo, such as phosphate, citrate, and other organic acids 
^odants includmg ^ic ^ ^ Mar ^ ^ ^ ^ ]0 ^ ^ 

such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as po.yvmy.pyrro.idone 

' TZIT^ 8lUtamine ' *+* w -onosacchandes, disaccharides, and 

other carbohydrates induding glucose, mannose, or dextrins; chelating .genu such as EDTA; sugar alcohols 
such as mannito. or sorbitol; Conning counterions such as sodium; and/or nonionic surfactants such as 
i ween, Pluronics, or polyethylene glycol (PEG). 

SMDF to be used for in ww -*-IM-*lo- must be sterile. This is readily accomplished by 

M ^ lowing .yophilization and reconstitution. SMDF 

ordmanly will be stored in lyophilized form or in solution. 

Tteapeutic SMDF compositions generally are placed into a container laving a sterile access port, 
tor example^ intravenous aohmon hag or vial having a aopp, pierceable by a hypodermic injection needle 

The route of SMDF ^ministration is in accord with known methods, i„je«ion or infusion by 
m^venc^mt.apentoneal, intracerebral, intramuscular, intraocu.ar, intraaneria., or intralesiona. routes or 
try sustained-release systems as noted below svrnF u • . . 

7 ° ls ^"iistered contmuously by infusion or by bolus 

injection. 

^ Suitable examples of sustained-release prions include semipermeable matrices of solid 
hydrc^hob.c polymers combing me protein, which matrices are in the form of shaped .tides, e.g., films 

ZH^!l EXmP,eS ° f «*■ -lude po.ye*ers, hydroge,s (,,., ^ 

^*m™ a, described by Langer . 2 ^ JsJa ^, 15: 167 . 277 .J/^ 
^nga, afflux ,* 98-.05 p«q or po^vmyWcoho.)), po.ytactides (U.S. Patent No. 3.773 919 EP 

^^1!!^ ^ - <*- 22: 547- 

556 1983JX nc^egmoable ethyle^viny. aceuae (Langer e, supral ^ ^ 

copolymers such as the Lupron Depot™ (injectable microspheres composed of tactic acid-g.ycolic acid 
copolymer and leuprolide acetate), and poly-rx^hydroxybutyric acid (EP 133.988). 

While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of 
mokcutesfor ver .00 days, cenain hydrogeb release proteins f r shoner time periods. When encapsulated 
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protetosro^ia in the body for. long time, they denary „ agg,tg«e a, a result fexposureto 
mo«ure at 37»C, resulting in .loss of bi togical activity md possible changes i» imaunogenichy. Rational 
strategy can be devised for protein stabilize depending on the mechanism involved. For example if the 
aggregatkm U dUcOVCTed » * tatermotecular S-S bond formation through «hio-disulfide 

5 mtercbange, filiation may be Sieved by modifying su.fhydryl residues, .yophilizing fern acidic 
solutions, omuolling moisture content, using appropriate additives, and developing specific polymer matrix 
compositions. 

Sustained-release SMDF compositions also include liposomal* entrapped SMDF. Liposomes 
contammg SMDF are prepared by methods known per sr. DE 3,218,121; Epstein « al., Proc. Nat! A«H 
> Sckm, 82: 3688-3692 (1985); Hw»g « al., Proc. Natl- Acad M „: 403O4034 (1980); EP 

52J22; EP 36.676; EP 88,046; EP 143.949; EP 142,641; Japanese p-ent fiction 83-1 18008; U.S. Paten, 
No* 4.485,045 and 4,544.545; and EP 102 J 24. Ordinarily the liposomes are of the small (about 200-800 
Angstroms) unilamellar type in which the lipid content is greater than about 30 mol. % cholesterol, the 
selected proportion being adjusted for the optimal SMDF therapy. 

An effective amount of SMDF to be employed therapeutically will depend, for example, upon the 
therapeudc objectives, the route of administration, and the condition of the patient Accordingly, i, will be 
necessary for the therapist to tner the douge and modify the ro«e of admmiswion as required to obtain the 
optmuu therapeutic effect. A typical daily dosage might range from about 1 ug/kg to up to 100 mg/kg of 
pa*mbody weigh, or more per day, prefer** about ,0 ug/kgAfay to 10 mg/kg/day. Really, the clinician 
will administer SMDF until a dosage is reached that achieves the desired effect for treat™, of the above 
mentioned disorders. 
4.Ex.Vivi>H««fo lS M^f 

SMDF polypeptide can be used for growing glial cells ex vivo. It i, desinble to have such 
1-P^mon, of gluu cell, in cell cutan. for isolation of cell-specific factors e.g. P75*»* which U a Schwann 
cell specific marker. Such factors „ useful a, diagnostic tools or, in the ease of am be used an 

am-gens to generate antibodies for diagnostic use. I, is .Uo desirable to have sfeble populations of glial cells 
m cel. culture to facilitate characterization of other mitogen, and grow* inhibitory agents for these cells 
It is also beneficial to have populations of mammalian Schwann cell, (preferably human Schwann 
cells) for use as cellular prostheses for transplantation into areas of damaged spinal cord in an effort to 
influence regeneration of interrupted central axons, for assisting in the repair of peripheral nerve injuries and 
« atermttives to multiple autografts. See Levi er al., (1994). supra. The use of cell culture techniques to 
obtam an abundant source of autologous graft n^eria. from a small biopsy h« ^ready me, with clinical 
success m providing human epidermal cell, to cover extensive bums (Gallico ex al., N. En, J M| . 
33W51 [1984]). Furthermore, it has been shown that Schwann cells from human xenografts are capable of 
myehnating regenerating peripheral axons from mice which have been immunosuppressed (Aguayo er al 
mm, 268: 753-755 11977], and Aguayo er Spc, Neurosci. Svmn. 4: 361-383 [1979]). Accordingly, i, 
is expected that the above approach will meet with success in mammal,, including humans. 
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^-^-^M.*,.. The prepared net 

zz, ; !£ t* "Z 1 , ~"' , '' , " ! * ■* a> ^^- 

2r« z* r, zr ^ ^ ^ «-» • «■* - 
zrzir z ' ■""""■"———"»«-»» k. 

» ™*. DIO with SMDF (JO iiM) cholera toain (CI) Sigma, St Louis, MO (100 J Z. 

The cell, which «„„, „ m _ ^ h ^ 

^Mme u a source of the HER2 reoeptor and this receptor can be bohMed,' antibodies cm be generated 

at dtagnotuc toob for diaanosiiig HER2 overatpreetion as disclosed in vs. Patent 4.96M03 
S.Dismot* ll M .<i.« M p F 

UMi ™, di^ ^ o» te ^ h ^ ^ 

-* a, deus**. h^nph no* p^ ,™ ^ h i»ta,ic grade 
^ " Preg ° K " TO — • — ■ — <P'o%>. « «» proliforatic (S^ fraction, S « 
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MuaeaL.ltof far y Mttl 330(18): 1260-1266 (1994). HER2 vm ™,.; 

is more likely to mread hevm,,!*^ HER2 verexpressitn suggests that the disease 

verexnrJ, ^ " ^ ^ Wh ° « ^ely for HER2 recept r 

ror treatment with the anti-HER2 sntibody. 4D5 discing m . 

127 (199,). m Shephad * ^C»in,tmmimol no), i n- 

Tne sample as herein defined is obtained, e s tissue «mnU * * • 

^2,7 trTJr' *■ 

•r SMDF ^ „ ^ <""" "** - -» — 

, , , . , 1 8wca 10 ™ e SMDF or mtibody using the techniques disclosed in rWn, 

(c) Various enzyme-substrate labels are available and US Patent N« a ™ no ' 
nf mnu.j .1 _ <J a - "wit no. 4,275,149 provides a review 

woiy W ■ fluonacnt accentor ExsrnnlM ML3000 ohonilinnnMiiieter, Air example) or donates 

- ^jn^ (ed J. Ungone & H. Van Vunakis). Academic press. New York 73 
147166 098,) md Current IW^ hiT|lmmi1I)n|f|t| ^ 
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Examples f enzyme-substtate combinations include, for example: 

(0 Horsemii* peptidase (HRPO) with hydrogen peroxidase as . substrate, wherein the hydrogen 

5 (ii) alkaline phosphatase (AP) with para-Nitrophenyl phosphate a, chromogenfc substme 

010 p-D-gal^idase < P .r>C.,) with a duomogenic substnue p.nitropheny.- P .D. 
galactosidase) or fluorogenic substrate 4-methylumbelliferyl- p-D-galactosidase. 

Numerous other «n^ubs«e combinatioo, are avails to those skilled in the an. For a general 
review of these, see U.S. Patent Nos. 4.275.149 and 4,318.980. 
10 Sometimes, the label is indirectly conjugated with the SMDF or antibody. The skilled artisan will 

be aware of various techniques for achieving «*. For example, the SMDF or antibody can be conjugated with 
b*m »d any of the three broad categories of labels mentioned above can be conjug-ed with avidin, or W« 
~~ Biotin binds selective* to avidin and thus, the label can be conjugated with the SMDF or antibody in 
th.s ,nd,rect manner. See. Cwrm jp )mm ,, nn , m ^ fw , ^ of m 

15 btot^vidin conjugation. Ahe^tivery, to achieve indirect conjugation of the label with the SMDF or 
anybody, the SMDF or antibody is conjugated wim a small hapten (e.,. digoxin) and one of the different 
types of labels mentioned above is conjugated with an mtLhm*~, ~nt*~i. , 

^ m antrt,a P ten "nbody (e.g. anti-digoxin antibody). Thus, 
mdjrect conjugation of the label with the SMDF or antibody can be achieved. 

,„ ^J"™*" aRh0dima * ° fthC inVrati0n - SMDF need not be labeled, and the presence thereof 
20 can be detected using a labeled anti-SMDF antibody (e.g. conjugated with HRPO). 

in the preferred embodiment the SMDF or antibody is labeled with an enzymatic label which 

™T rbT-T* J' ' ^ ^ " ^ H^B], or onh.mhenylene diamine 

IC*2™* *" « 0fradi ^ e * -oided. A color change of the reagent can be determined 

« w^ztt^?"^ 

25 wavelength of 650 nm). 

_ Thus, the tissue sections on slides are exposed to the labelled SMDF and the intensity of staining of 
*e*sue sections i, determined. W.ile in ^ andysis is nomuUly contemplated, in W W diagnosis using 

30 6 - Other Non-tlH^raDeutic Us« for SMpg 

SMDF preparations are useful as sandards in assays for SMDF by labeling SMDF for use as 

IT™'"' radi0imram,0aMay - or radioreceptor assay), m affinity 

^^technnntes <e* for an e*B receptor such as ,*B3 or ,roB4 receptor), and in competitive-type 
^ bB ^ assay, wh« Ubeled with radioiodine, enzymes, fluc^ spin fcbels, and the like. SMDF 
35 polypepttdes are also useful as immunogens for generating anti-SMDF antibodies for diagnostic use 

Sonilar»y, the nucleic acid encoding SMDF is useful as a probe for detecting SMDF expression in 
vanous tissues. Tnus. SMDF-specific probes are useful for tissue typing (,,. for identifying sensory and 
motor neuron tissue) either in vitro or ,„ ™. ,„ mis ^ nucleic ^ ^ ^ rf 
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m ^ ^ *• ^ ^ 1 W ^ " *-N) « I-*** use*, 

,,MUMPeC ' fiC Techni «»« * DtiA anaiysis are well known. See, US Pat N 4*g 603 

SMDF^peafic antibodies cm be used for tissue-specific typing. 

5 7. SMDP Antihody Pbm,^^ 
A. Polvclnn.1 tmtflmlm 

"»«*• "> SMDF P*W»*. - SMDF fragments « genenllly ^ in ^ 
mump.e^eous (sc) or in^.oncai (ip) injection, of SMDF or SMDF fragment end an adjuvj 

thy^gtobuun, or soybean t^psin inhibitor using . bifonctioc*, or derivtfzing agent for example 

T Z7 8nhydride - « R'N-C-NR, where R and R 1 are 

aiiterent alky I groups. 

B. Monnelnnfll nffijfr^jffl 
the • I ^ d ° nal p^ of homogeneouj 

mu^ons ft« nu* be W t m minor am***. Thus, the modifier ^nonoc W indices L chafer 
of the ant.body a, not being a mixture of discrete antibodies. 

method rZ Hilt m0nOC,0nal mtib0dieS ° f * — using „e hybridom. 

ZH^. ^ KOh,Cr ^ 256: 495 « * — ^ recombinant 

DNA methods (US Pat. No. 4,816,567). 

T""'*""'^' Ah»nMlively, lymphocytes may 

g^rr»r - ^ ^ ™* ■» ■< ■ ■ 



-45- 



25 



30 



35 



WO 96/15244 

PCT/0S95/14575 

n«e hybridoma cells thus prepared are seeded and grown in a suitable culture medium that preferably 
C ° nttinSOOe0rrDOre 5UbStanCeS ** **«• •«* - «-ival of the unfused. parental myeloma cells 
For ex-npte, if me c«*» nryetam. cell, tock me enzyme hypoxamhine «u«,me phosphonbosyl transferase 
(HGPRT or HPRT), the culture medium for the hybridoma, typical* will include hypoxanthine, aminopterin 
5 and thymidine (HAT medium), which substances prevent the growth of HGPRT-deficiem cells. 

Preferred myeloma cells are those that fuse efficiently, support stable high-level production of 
antibody by the selected ^body-producing cells, and are sensitive to . medium such as HAT medium 
Ainar*trKse,preW m y*kx™,cell lines are murine myeloma lines, such a, those derived from MOPC-21 
and MPC-11 mouse tumors available from the Salk Institute Cell Distribution Center, San Diego. California 
3 USA, and SP-2 cells available from the American Type Culture Collection, RockviUe, Maryland USA. 

Culture medium in which hybridoma cells are growing is assayed for production of monoclonal 
antibodies directed against SMDF. Preferably, the binding specificity of monoclonal antibodies produced by 
hybridoma cells is determined by immunopreciphation or by an in vitn, binding assay, such as 
radioimmunoassay (RIA) or enzyme-linked immunoahsoibent assay (ELISA). 

The binding affinity of the monoclonal antibody can. for example, be determined by the Scatchard 
analysis of Munson and Pollard, Anal. Biochem i 0 7: 220 (1980). 

After hybridcrna cells are identified that produce antibodies of the desired specificity, affinity, and/or 
activity, the clones may be subcloned by limiting dilution procedures and grown by standard methods 
(Coding, supra). Suitable culture media for this purpose include, for example, DMEM or RPMI-1640 
medium. In addition, the hybridoma cell, may be grown in v*o as ascites tumor, in an animal. 

The monodc«aJ aroibodies secreted by ^ 
««te, fhud, or serum by conventional immunoglobulin purification procedures such as, for example, protein 
A-Sepharose, hydroxyapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

DNA encoding the monoclonal antibodies of the invention i, readily isolated and sequenced using 
conventional procedures (e.g., by using oligonucleotide probes that « capable of binding specifically to 
genes encoding the heavy and light chains of murine antibodies). The hybridoma cells of the invention serve 
a, a preferred source of such DNA. Once isolated, the DNA may be placed into expression vectors, which 
are men transacted into host ceils such as £. col: cells, simian COS cells, China, hamster ovary (CHO) cells 
or myeloma cells mat do not otherwise produce immunoglobulin protein, to obtain the synthesis of 
monoclonal antibodies in the recombinant host cel.,. Review tides on recombinant expression in bacteria 
of DNA encoding the antibody include Skerra m al., Curr. Opinion in Immunol 5: 256-262 (.093) and 
PlUckthun, Immunol. Revs 130: 151-188 (1992). 

The DNA also may be modified, for example, by substituting the coding sequence for human heavy- 
and lu ht-cnain constant domains in place of the homologous murine sequences (Morrison, a al., Proc. w. 
AfaLSsL, Si: 6851 [1984JX or by covalently joining to the immunoglobulin coding sequence all or part of 
me coding sequence for a mm-immunoglobulin polypeptide. In that manna, "chimeric" or "hybrid" antibodies 
are prepared that have the binding specificity of an anti-SMDF monoclonal antibody herein. 
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Twenty such non-immunoglobulin polypeptide, are substituted for the constant domains f an 
antibody of the invention, or they are substituted f r the variable domains f cne antigowombining site of 
an antibody of the invention to cn*e . chimeric bivalent antibody comprising one antigen-combining site 
havmg specificity for a SMDF and another antigen-combining she having specificity for . different antigen. 
5 Chuneric or hybrid antibodies also may be prepared in vhro using known methods in synthetic 

protem ebemi«ry, including those involving crosslinking agents. For example, immunotoxins may be 
consmx^usingadisul^^ Examples of suhrtle reagents 

for this purpose include imunothiolate and memyl^eroptobutyriinkiate. 
C. HimumiaH ffflfrfffin 

5 Methods ^ hurr-nizing noo4niman antibodies are well known in the art. Generally, a humanized 

antibody ha, one or more amino acid residues introduced into it from a source which i. non-human. These 
mm-huma. amino acid residues are often referred to as "import" residues, which are typically taken from an 
"nnpc*" variable dornain. «« »* ««tially performed following the method of Winter md 

^workers (Jcne, « al., Mfiuje. Ml, 522-525 [1986]; Riechnunn * al., 332, 323-327 [1988]; and 

VeAoeyen « al., Sagas, 239, 1534-1536 [1988]), by substituting rodent CDRs or CDR sequences for the 
corresponding sequences of a human antibody. Accordingly, such "humanized" antibodies are chimeric 
■otibodies (US Rat No. 4,816\567), wherein substantially less than an intact human variable domain has been 
subsntuted by the corresponding sequence from a non-human species. In practice, humanized antibodies are 
typically human antibodies in which some CDR residues and possibly some FR residue, are substituted by 
res,dues from analogous sites in rodent antibodies. The choice of human variable donuuns, both light and 
heavy, to be us«i in making the humanized antibodies is very irnportent to reduce antigenicity. According 
to the sc^Ued "best-fit- method, the sequence of the v^te dc^ of , rc^ antibody i, screened against 
the efltneh-bmry of known varirf^lomam «qu«c«s. The human aequence which i, closest to that 
of the rodent is then accepted as the human framework (FR) for the humanized antibody (Sims « al J 

b0lmSL m 2296 ' ,993 * " d Ch0thi * " d 2JfcL£ifiL. 196: 901 [1987]). Another method useT 
• pardcuhr framework derived from the consensus sequence of all human antibodies of a particular subgroup 
ofltght or heavy ctauns. The same framework rnay be used for several different humanized antibodies (Carter 
« «"-. Proc, Nff| r Acad, fffi \ m 89: 4285 [1992]; and Presta « «/., J. Immnol m . 26 23 [1993]) 

It isfurther important that antibodies be hunumized with retention of high affmity for the antigen 
and other favorable biological properties. To achieve this goal, according to . preferred method, humanized 
-mood* are prepared by a process of analysis of the parental sequences and various conceptual humanized 
products using threenlimensional models of the parental and hummized sequences. Three-dimensional 
immunoglobulin models are commonly available and are familiar to those skilled in the art. Computer 
programs are available which illustrate and display probable three^limensional conformational structures of 
selected candidate immunoglobulin sequences. Inspection of these displays permits analysis of the likely role 
of the residues in the nmcuoning of the candidate immunoglobulin sequence, i.e. the analysis of residues that 
influence the ability of the candidate immunoglobulin to bind its antigen. In this way, FR residues am be 
selected and combined from the consensus and import sequences so that the desired antibody characteristic, 
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^^^^^^^ togaienlftheCDRre8iduesare 
most substantially involved in influencing antigen binding. 
D. Human «mihtf j r 

Z ^V iJBm ^ ^ 3001 <' 9M > ^ - Monocle, AB H^ Pr , irTir - 

Tcchn.oue, and , pp.5,-63 (Man*, Dekke, toe., New York" 1987); ZZ^mTi 

ImmanaL ut. 86-95 (1991). 

* * ™» P-iblc to produce transgenic mjce) ^ « ^ ^ 
of a full repertoire of ^ „ ^ ^ of 

*r ex^le. it h« been described tha, the homozygous deletion of the antibody hetrvy-cluun joining region 
W gene m chimeric and gam-line mutam mice results in complete inhibition of exogenous antibody 
P^Tmnsfir of me human gom-line inununoglobulin gene array in such genn-.me m mice wi„ 

^SaJffiA. 90: 255, (,99 3); ^obov.ts 0 te 3«: 255-258 (1993); and Bnuggennann « „ 
Year in Immnn. 7. 33 ( ,oo 3) ^ 

„ A ^-^. «^ t*hnok>gy (McCafferty « «L, Jtas, 348: 552-553 [1990]) can be used 

topnrfucehunu^amibc^ 

TZT Win ^^ ACC ^ * ^ antibody V domain genes are cloned in- 

fi^e^enher.n^c, mince coa, protein gene of. filamentous bacteriophage, such * M.3 or fd, and 

* DNA of *• ^ — «■ *— 

Z*s to ^ ° f * **" ^ fc —* — «« *ose 

^ "^^ofmepropertiesoftheB^,,. di^lay c„ be performed 
« . v*y of ft™*,; for m* review see. John**, Kevin S. «d Chilli, David J CurrauOpinion 

a---* 352: 624.28 (1 991) isofcted . diverse ^ of .nti^lone .nt.Ces L . 

nutdon^m-onal library of V genes derived from the spieens of immunized mice. A repertoire 
of V genes tan unin^ized hum* donors can be conducted and antibodies to . diverse ^ of mtigms 
(^self^^he^^^^^ deseed by MarJ*..^ 
BlfiL 222: 581-597 (1991), or Griffith m «/., faffi^ 12: ^ ^ "* ^ 
In a natura. immune response, antibody genes accumulate mutations at . high mte (somatic 
h^uutoon). Some of the changes introduced wi„ confer higher affinity, and B cells displaying high- 
2 f ,mmUn08l0bUlin " ^ » d <*— - 'ubseouent an,**, 

PrOCe$SC " nbe m,miCked * -"**» *< as -chain shuffling" 

oy pnage display can be improved by sequentially replacing the heavy and light chain V resion eeriec 
with repertoires of naturally occurring variants (repertoires) of V domain genes obtained from unimmunized 
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Gene shuffling can ^so be used to derive hin«m «ntfl»diM fam --a^.- . 

™-ioumcm SeternicTOga, .a.,,, it tout,, ^ . . 

Published 1 April 19931 Unlii™ t™«* i u W/06213, 

unJ*e traditional minimization of rodent antibodies bv CDR ^ ■ 

Bispecific antibodies are motional, preferably human or humanized antibodies th* k „ 
15 specificities for at least two different .n,;„~,, , *. "™w>zm. antibodies that have binding 

SMDF.th. other on^^lt r ^ ~ ^ **• ^'«-ies is for . 

' Fc !l!l h " ^ mt,8CT ' md «» «*« P^ide that actives . e/WJ 

»«=eptor. For example, bispeafic antibodies specifically binding SMDF and a neure-n.iin „• 
of the present invention. "curegulin are w.thin the scope 

Method, for making bispecific antibodies are known fa the art 

"* action of bispecific antibodies is based on the cession f 

immunoglobulin heavy chain-ligh, chain pairs where the two h ^presston of two 

(Milstein ^ CueHo. ^ 305- 537-539 Z ^ ^ ^ 8pCCificito 

n-y and light chains"^ ^doll !^ ^of the r.dom assent of irnrn.^ 

Similar procedure, « ^^^IT- T ™^ ^ * «"■*« « 
ending Jl^^r*^-***--- 

5 unequal ratio, of the three polvnemid. -„ • " fragments m embodiments when 

v-^the^onofatjr^ 

the ratios are of no particular sienifl T ^ ""^ *»* ' when 

no part.cu.ar , Igniflcanc , In , ?nfand cmbodjment of ^ ^ 
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5 one half of the b.specfic molecule provides for a facile way of separation. 

For further detail, of generating bispecific antibodies, see, for example, Suresh « «y Methods in 
fDZUQSlfigX, 121: 210 (1986). ' MffW S '" 

f • HetCTOconiuMte «nri^j TT 

P»P«-» M «». * . raw ««. (U.S. •«« No. „, 
dttdoiod m U& PMent No. 4.67&980, along with a number of oms-litilaiig techniaBes. 



neutralizing antibodies. 85 
8. Uses for siufftf Ar'Wiu 

SMDF antibodies are useful in diagnostic assavs for SMnc „ „ a . . 

^ ^ ror »MDF t its production in specific cells 

immobilized on an insoluble matrix. 

The labeled reagents also are known as "tracers." 

i*^ 1 * labe,USed " any finCd0na,i,y *" *" nM ***» «» binding of analyte and 

S^bove. Those of onhnary stall m the art will know of other suitable labels that may be employed in 
******* with the present invention. These labels can be conjugated to SMDF antibodies using standard 
techmques commonly known to those f ordinary skill in the art 
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the test sample. These assays are called H.Ka u 

Another--,- 7 "* CaUed ^ W "zymes are used as the detectable markers. 
An^ r spec.es of c^petiti y , ^ . ^ ^ ^ 

bmds to the aoaly*, me ^ of ^ ^ ^ enzyme ^ ta £ 

St«nc«« JW « ttsedm8rtchi ^ m ^ to . 

synthesis by covalently linking a low-molecular ^ These conjugates are 

substantia.,, is IZ^ZI clZ^t antibody to hapten 

un»»c id em the conjugate at tbe same time as anti-analyte. Under this assay ome^w *. 

»-4-|. l -*»„« u » rfclM|l|lil 

oooy as the other is useful in testing samples for SMDF activity. 
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Neutralizing ano>SMDF antibodies may also be used to block SMDF biological activity in vivo. For 
example, the antibodies can be used t block SMDF activation f erbh receptor (e.g. erbBl recept r) in 
cenain cancers involving SMDF activation f the receptors). Thus, the neutralizing antibodies may be used 
in the treatment or amelioration of certain glial cell tumors. 

5 9.KIB 

Since the invention provides at least two types of diagnostic assay (i.e. for determining disease status 
using SMDF or determining SMDF using antibodies or DNA markers) as a matter of convenience, the 
reagents for these assays can be provided in a kit, i.e., a packaged combination of reagents, for combination 
with the sample to be tested. The components of the kit will normally be provided in predetermined ratios. 
10 Thus, a kit may comprise the antibody or SMDF (DNA or polypeptide) labelled directly or indirectly with 
suitable label. Where the detectable label is an enzyme, the kit will include substrates and cefaclors required 
by the enzyme (e.g. a substrate precursor which provides the detectable chromophore or fluorophore). In 
addition, other additives may be included such as stabilizers, buffers and the like. The relative amounts of 
the various reagents may be varied widely to provide for concentrations in solution of the reagents which 
substantially optimize the sensitivity of the assay. Particularly, the reagents may be provided as dry powders, 
usually lyophilized, including excipients which on dissolution will provide a reagent solution having the 
appropriate concentration. The kit also suitably includes instructions for carrying out the bioassay. 

The following examples are offered by way of illustration and not by way of limitation. The 
disclosures of all citations in the specification are expressly incorporated herein by reference. 
20 EXAMPLE 1 

Isolation of SMDF (DNA Clone* 
Two degenerate oligonucleotides corresponding to A) a portion of coding segment 1 (nt 739-825) 
and B) a portion of coding segments 8 and 9 (nt 1452.1507) of the neuregulin gene (Marchionni a al., supra) 
were labeled by random oligonucleotide priming and used simultaneously to screen 5.5 x I0 6 plaques from 
two human brain stem cDNA libraries(LMG2, ATCC 37432, in Xgtll; and Strategene, in XZAP) and a 
human cerebellum (Clontech, 5'^retch, in Xgtl 1) cDNA library. Positive clones were isolated by repetitive 
screening. Initially 13 clones were isolated: 3 hybridized to both probes. 4 hybridized to probe A only, and 
6 hybridized to probe B only. The insert size was estimated after EcoR 1 digestion of purified phage DNA. 
The insert of each clone was subckmed into the plasmid pBIuescript SK(-) (Stratagene) at the EcoR I site and 
subjected to DNA sequence analysis. After initial analysis. 7 clones were selected for full sequence analysts. 

Nucleotide sequences were determined by the dideoxy chain termination method (Sanger ei al., 
PNAS . USA, 74: 5463-5467 [1977]) using a 70770 Sequenase version 2.0 DNA sequencing kit (US 
Biochemicals). Both strands of the inserts were sequenced. Nucleotide sequences were analyzed using the 
Sequence Analysis Program (Genentech Scientific Computing Group). 

One of the resulting clones which hybridized strongly to both probes was a full length clone (clone 
BS4). Three of the clones which hybridized to probe B only were full length clones (clones BS1. BS2, BS3). 
Two of the clones (BS5, BS6) which hybridized to probe B only and one clone (CB2) which hybridized to 
both probes were incomplete clones. 
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Among the complete clone* BS4 had „ identical sequence to human GGF (GGFHBS5) of 
M^humni , al., supra. BSI, BS2. and BS3 are three independent clones, two of which (BSI, 2) show 
T"l ™ eCOdiDg8eqUenCe ° fBS3 ^^,BS,«K,BS2a 1 amino acid residues 

BSI and BS2 have nearly homologous 5* untranslated sequences. Hie 5* untranslated sequence of BS3 is 109 
nt shorter but otherwise differs from those of BSI and BS2 by 12 nt only. 

Fig. 1A shows the nucleotide sequence of the BSI cDNA and its predicted amino acid sequence 
Beginning with the ATG at nt 507 (BS1X 264 (BS2X and 522 (BS3), each of which starts the only extensive 
open reading frame, the BSI, BS2, and BS3 cDNAs each encode a polypeptide of 296 amino acids, with a 
) predtcted Mr of 31.686D* The stop codon is followed by a 478 (BSI), 382 (BS2), and 120 nt (BS3) 3' 
•""-.stated sequent ending with an A-rich region in BSI (short stretch) and BS2 (long stretch) preceded 
by 2-3 consensus polyaoenyhnion signal AATAAA. BS3 has no poly^y,^ signal „ A . rich ^ 

A d.agrarnatic c^mr-rison of SMDF. GGFII. HRG P 1, and ARIA » shown in Fig. 2A (on.y major 
struct chafes are shown); and a corr^ison of the amino acid sequel of the above four proteins 

mot°Z^ 7he SMDF ^ *" - ■** ^^^'^sequenceidenti^with 
•hose of GGFII (Marduonn, , al., supra), HRG-B I, P 2, 03 (Holmes er s^r*), and human NDF-0 la, 

-02, -p 3 (Wen « * [I9 94] *^) ; 92* with some rat NDFs (dones 22, 40, 41. 42a); and 83% with ARIA 

However, a comparison with me GenBank nucleotide database and protein database using the BLAST 

mat the SMDF sequence N-termina. to the EGF-like domain is novel, and distinct from al, 

^reported ncuregulin sequel Like HRG, NDF, and ARIA, SMDF is also devoid of , N-termin, signal 

^Ttlr bnn,e ^^^^ »™ variants («„ong wh ich include HRG- P 3 and 
GGFI,), the SMDF sequence ends after the 8-.0 variab.e amino acid stretch which connects the EGF-like 
*™«n wnh the tnmsmembmne domain, and is therefore devoid of the latter and the cytoplasmic tai, The 
major structural difference between SMDF and the neuregu.ins is the U* in SMDF of an ,g.,ace domain 
^--c of,, the other neuregulins. Anomer ^ 0 f SMDF divine, from the neurlgulins is the 

^hydropathy analys.s, F,g. ,B). Without being limited to any particuiar theory, it i, possible that these 
» P-cular I76-V, 00, may act Hke intern,, unclotved sign, sequences that may media* the 
T™ 10 ] *" e (Blobel, PNAS , V S A . 77: ,4 96- ,5 00 f.980, 

^batm. « al., JJ^BioL, 92: 1-22 [1982]; Wickner »d Lodish, S^, 230: 40<M07 P985J; and von 
Heune, Pt odtjrn, pjpptm ftrt a 947: 307-333 [1988]). The presence of positively and „eg*ively charged 
^upsn^ofthishyd^an^ in SMDFbefhsthe typical features of.ntemal unc.eav^gL 
Pc^des (von Heijne, supra). Exarnp.es of such uncl^ „*™i signal peptides are me hydrophobic signa, 
element n W the N-terminus of ovdbumin (Meek «r JjyoLJ^ 25 7: ,2245-1225. f.982]) and 
*W^<?™ «aL, jJKoJ^ 266: 623-629 m A fourth „o*b.e fe*ure is the presence 
of e.ght cyaeme residues scattered along the hydrophobic stretch (/.,. the "NTD-cys knot") 



53 



10 



15 



20 



25 



30 



35 



W 96/15244 ... 

PCT/CS9S/14575 

EXAMPLE 2 
Expression of SMDF in Mammalian Cells 
A fragment f cDNA corresponding to the entire coding sequence f the human SMDF clone BS1 
with added 5'-SaJ I rod 3'. Hind III restriction sites for ease of cloning was generated by polymerase chain 
5 reaction (95°, 7 mm; 5 cycles at 95°, 1 mm, 70°, 1 mm, 72 e , 2 min; followed by 15 cycles at 94', 1 min. 56", 
1 min. 72», 2J min; 7T, 5 min) and inserted into the Epstein-Barr vinis-based expression vector pEBon via 
the Xho 1 and Hind III sites. In another construction, the above cDNA fragment with a blunt end at the 3' 
end was first subdoned into the cytonegalovinjs-based expression vector pRK5 containing an epitope-tagged 
gD by deleting the Use sequences from a gD-Rse construct in pRK5 (Mark gal.. J. Biol. Chem. 1M 10720- 
10728 [1994]) via the Sal I and EcoR V sites and inserting the SMDF sequences. Epitope-tagged gD-Rse was 
constructed by fusing the coding sequences for amino acids 1-53 of herpes simplex vims type 1 glycoprotein 
D (Mark et al., supra) to the sequences encoding amino acids 41-890 of human Rse (Paborsky et al.. Protein 
fife, 3: 547-553 [1990]). The resulting gD-SMDF insert was then subdoned into pEBon via the Hind III site. 
Orientation was determined by restriction digest and confirmed by sequencing. Piasmid DNA was purified 
on Qiagen columns. 293 cells (American Type Culture Collection. ATCC CRL 1573) were transfected with 
the SMDF/pEBon and gD-SMDF/pEBon expression vector, and the vector pEBon (as control) using a 
modified CaPO, mediated tnnsfection protocol (Gorman. In DNA Clnnino- a Practical Amrnwii Vol. 11, 
D. M. Glover, ed. Waahington. DC: IRL Press, pp 143-190 [1985]). After 4 days, transfected serum-free 
culture siipematams were assayed for SMDF expression in a kinase receptor activation (KIRA) EL1SA (see 
Example 3 below). After 21 days, positive G4 18 -resistant clones were expanded and confluent culture 
supernatant* were analyzed for stimulation of receptor tyrosine phosphorylation by KIRA-ELISA and western 
blot. 

EXAMPLE 3 
erbB Receptor Activation 
Biological activity of the SMDF cDNA transiently expressed in 293 cells using the pEBon vector 
system (as discussed in Example 2) was investigated. In view of the presence of an EGF-like domain in 
SMDF, tnxxxxxttrated (lx) and 10-fbld concentrated (lOx) culture supematants were assayed for their ability 
to stimulate tyrosine ptesphoiylation in MCF-7 human breast tumor cell line overexpresing the P 185"~' HERJ 
by western blotting. 

For the assay, MCF-7 breast tumor cells (ATCC HTB 26) grown in Dulbecco's minimum essential 
medium (50%yF-12 (50%yi0% fetal bovine serum (Hydone) to confluency in 24-well plates were transferred 
to medium without serum (assay medium) for 2 hrs. The cells were stimulated for 15 min at 37' with SMDF- 
transfected culture supematants or recombinant HRGfJ 17W(( (rHRGfll, purified EGF-like domain of HRGpi, 
residues 177-244, expressed in E. caff, Holmes et al., supra) diluted in assay medium containing 0.1% BSA. 
as indicated. The supernatants were aspirated and 100 ul of SDS sample buffer containing p-mercaptoethanol 
were added. The samples (15 ul) were heated and electrophoresed in a 4-20% polyacrylamide gel (Novex) 
and electroblotted onto a nitrocellulose membrane. The membranes were blocked with 5% bovine serum 
albumin in Tris-buffered saline containing 0.05% Tween-20 and incubated with an anti-phosph tyrosine 
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nHmoclonal antibody (4G10, UBI) for ] hr. at room temp. Bound anti-phosphotyrosinc antibody was probed 
an alkaline phosphatase^ goat anti-mouse Immunoglobulin G antibody (Promega) for 30 min 
at room temp, and visualized with S-bromc^chloro-S-indoyl-l. phosphate and nitro-blue tetrazolium 
(Promega). 

5 On western blot, a 185 kD protein in the stimulated MCF-7. cell lystte was detected by an anti- 

phosphotyrosine monoclonal antibody in cells treated with the SMDF-transfccted culture supematants and 
«HRG0»i7M4i (Hohnes *aL,apm). The responses to different concentrations of rHROpi m „, ( ioo pM 
500 pM and 1 nM) and to the unconenned and 10x concentrated SMDF-transf^ 
concentrau^tependent. Cells trotted with assay medium containing 0.1% BSA, scrum-free transfection 

0 medium, or unconcerned and 10-fold ooocemrated vector-transfecud culture supematants did not stimulate 
tyrosme phosphorylation of the 185 kD protein (which is most likely the erbB2/neu/HER2 receptor tyrosine 
kinase). 

The tyrosine phosphorylation western blot assay described above was repeated using a rat skeletal 
muscle myoblast cel. line (ATCC CRL 1769). It was found Out SMDF-dansfected culture supematants 
. (unconcentrated or lOx concentrated) could stimulate tyrosine phosphorylation of a !85kD band in a 
concem«ion dependent manner. SMDF appeared to be more potent a. stimulating phosphorylation of 
pM 0 * 3 than rHRG-p,^.^. 

For me KIRA-ELISA, MCF-7 cells were plated at 2 x ,0' cells/ 100 uUwell in microther plates and 
grown at 37° in 5% CO, overnight. Tne supernatant, were decanted and cells were stimulated with SMDF- 
tnmsfected cuhure supenutants (SMDF or gD-SMDF) or various concentrations (0-3000 pM) of rHRG-p 1 177 
2U (rHRG-p 1) for 30 min. « 3T. The supematants were decanted and 100 ul of lysis buffer [50 mM 
HEPES. pH 7.5, 150 mM htaCL, 0.5% Triton X-100, 0.01% thimerosol, 30 KlU/ml aprotinin flCN) 1 mM 
4^^moethyl)-benzenesulfbnyl fluoride hydrochloride (AEBSF, ICN), 2mM .odium orthovanadate] was 
added to each well. The cells were then incubated whh gentle shaking for 1 hr. « room temp. The cell 
•ys-es were h»sfentd to well, (85 ul/wel.) and incubated for 2 hrs. a, room temp, in m ELISA microther 
ptate co-ed overnight a. 4X wfth 100 ul/well of affinity-purified polyclonal rabbit anti-HER2 extracellular 
donuun antibody (1 ug/ml in 50 mM Sodium carbonate. pH 9.6X blocked for 60 min. at room temp with 
150 pi of 0:5% BSA, 0.01% thimerosal in PBS, and washed 6 times with wash buffer (PBS containing 0 05% 
Tween-20 and 0.01% thimoosal). The ptate was washed and incubated for 2 hrs. « room temp, with .00 u, 
fttH^m***!****. antibody (4G.0, UBI) diluted 1:2000 in dilution buffer (PBS containing 
0.5% BSA, 0.05% Tween-20, 5 mM EDTA, 0.01% mimerosol). The plate was wahed and incubated for 30 
nun. at room temp, in 100 u, of horseradish peroxid*e^ ug *ed streptevidin (Zymed Laboratories) diluted 
1:10000 m dilution buffer. After w«hing, 100 ul of freshly prepared substrate solution (tetramethy. benzidine 
2^mponent substrate kit, Kirkegaard and Perry) was added and the reaction was allowed to proceed for 10 
mm. before the addition of 100 u. 1.0 M H^, The absorbmce at 450 nm was determined with a reference 
wavelength of 650 nm (ABS W using a ™* reader (Molecular Devices). A reproducible standard curve 
was generated by parallel stimulation with known concentrations of rHRGpi and presented as P M P l v S 
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mean ABS 4MWJ0 ± SD. Assay results correlated closely with quantitative anti-phosphotyrosirte western bl t 
analysis. Sample concentrations were expressed as pM rHRGpi activity. 

Hie SMDF-transfected cell supematants show a range of KIRA-activity of 20-160pM relative to the 
activity of rHRGpi. 

5 Thus, unlike HRGJJ3 and GGFHFB1 which were not released from COS-7 cells transfected with 

respective cDNA encoding them (see Holmes a al., supra and Marchiormi tt al. supra), SMDF appeared 
to be released from 293 cells transiently transfected with SMDF or gD-SMDF cDNA as suggested by the 
stimulation of tyrosine phosphorylation of a 185 kD protein by the two SMDF-transfected culture 
supematants. 

10 EXAMPLE 4 

Generation of rat GGF Clones 
The partial sequence of rat GGF cDNA (543 bp, equivalent to nt 964-1508 of human GGF clone 
BS4) was generated by polymerase chain reaction amplification ofcDNA fragments prepared from rat brain 
polyA'RNA. Amplification reactions were performed using Taq DNA polymerase in a Perlcin-Elmer Model 
480 thermocycler far 10 cycles at 95°, 1 min, 80°, 2.5 min; followed by 25 cycles at 95». 1 min, 72', 2.5 min. 
Amplified DNA fragments were cloned at the Sma I site in pBluescript SK(-). Recombinants were identified 
and sequenced. The partial rat GGF sequence shares 902% identity with the human GGF sequence. 

EXAMPLE 5 
Northern Blot Analysis 

20 Since SMDF shares a p-type EGF-like domain with some other neuregulins, a ,2 P-labeled cDNA 

fragment corresponding to the human SMDF cDNA 5' to the EGF-like sequence was used in northern blot 
analysis. 

Total UNA was extracted from tissues or cells by the method of Chomczynski and Sacchi (Anal. 
masbSSL 162: 156-159 [1987]). PolyA* RNA was isolated from total RNA on oligo(dT>cellulose columns 
(Q1AGEN) according to iitanufacturer's suggested procedures. Ethanol precipitated polyA* RNA was 
dissolved in 1 x MOPS buffer. 50% fonnamide, 17.5% formaldehyde, heat-denatured at 95° for 5 min, and 
decttphoresed in 12% agarose gels containing 1.1% formaldehyde (Kroczek and Siebert, Anal. Biochem 
184: 90-95 [1990]). The fractionated polyA* RNA was then capillary transferred onto nylon membranes 
(Hybond Amersham). The RNA blot was UV fixed and baked at 80* for 2 hr and prehybridized with 5 x 
SSC, 5 x Denhardt's, 0.1% SDS, 100 ug/ml salmon sperm DNA at 65» for 4 hr. The blots containing 2 ug 
each ofpolyA* RNA from fetal human tissues and adult human tissues were purchased from Clontech. The 
hybridization probes were generated by polymerase chain reaction amplification of the following cDNA 
fragments: human SMDF, nt 507-121 1 (705op) of clone BS1; human GGF, nt 519 - 1059 (541 bp) of clone 
BS4. The DNA probes were labeled with both tt . JJ P-dATP and -dCTP by random priming using a mixed 
population of hexamers (Promega) to a specific activity of 7.5 - 1 1 x 10* cpm/ug. The RNA blot was 
hybridized in the same hybridization solution with 2 xlO* cpm/ml of probe at 65° for 20 nr. The blot was 
washed several times with 0.1 x SSC, 0.1% SDS at room temperature, and finally washed with the same 
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detected. No blbri^^^n' • ' from human fetal brain, two transcripts of and 8.5 kb were 

d««*d No hybruuzation «^ was de^aed on the ««« bk, of ^yA* RNA from human fetal lung live, 

b^T JT ^ CDNA ^ — — ^ sequence) wattled on H 

bio, two tr^senpu of U and 4.4 kb were detected in tf. 4 of the above-mentioned t*ues 

between <° ^ - distinct different in ti«ue distribute 

between SMDF aid some c<her neujtgulin variants in that it appears to be nervous tissue specific. Hiis agrees 
0 whi, the wide distribution of mR>^^ ^ «pear,c Th« agrees 

aL w« for some other variants (Holmes « 

EXAMPLE 6 
In Situ Hybridization 

> In situ hybridization experiments were performed on human, rat, and mouse emb^os and adu.t 

moose, and r« brmn and spina, cord. The "P-iabeied RNA probes correspond to the unioue N-termina, 
codmg sequence of human SMDF and the Ig-like domain of humm and m GGF 

p^ were g.aerated by „ Xymmx ^ ^ q{ ^ 

oTtT R r n SMDF> M ' n72m *> ° f BS,: *— «* n, 7H-.306 (525 bp) 

^ "* * ~' <* 3 *> - - 00, Cone (Ex«np,e 4, Bo* ^ LnZ 

antisense and sense RNA were labeled with y- 33 P-UTP anmr u^y * t * 

' r -uir (soooci/mmol, Amersham) as described rMeimn ** 

nang yean ANA (Sigma) at carrier aid precipitated with I0OK edirsMi w die presence of03M 

w«» -d « 5 r „ ..^ ^ Ate » « 

^ » »« 1 niM EDTA, die sections were maud with RNAase A 

^""T^ 1 " 0 -"™"**' — **-- » 

- 2 » SSOp™™^.,,^ „,„„„ „ ^ ^ ^ ^ 
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high stringency buffer (0.1 x SSC, 10 mM P-mercaptoethmol. 1 mM EDTA) at 53" for 2 hrs. The sections 
were then washed 2 times with 0.5 x SSC a room temperature and dehydrated briefly each in 50%, 70%, and 
90% ethanol containing 0.3M ammonium acetate, air-dried and exposed to Hyperfilm FiMAX (Amersham) 
and NTB2 emulsion (Kodak). After development, the eoiulsiovdipped slides were counterstained with cresyl 
5 violet. 

Using the human SMDF probe, SMDF mRNA a localized mainly in the spinal cord and brain in the 
human and a El 3.5 mouse embryo. In the spinal cord the highest levels of mRNA are in the ventral horn 
motor neurons and very high levels are also seen in the sensory neurons in the dorsal root ganglia Among 
motor neurons, the expression is cnicentrated in large cells (which are later myelinated). High levels of SMDF 
mRNA are maintained in the motor and sensory neurons in adult mouse spinal cord. In the E13.5 mouse 
brain, high levels are seen in the lateral ventricle and cerebellum. Other regions of the brain where SMDF 
mRNA is detected include the entomino cortex, adjacent hippocampus, thalamus and accessory olfactory bulb. 
Motor neurons in the hypoglossal tongue and face, and sensory neurons in the nasal epithelia also express 
SMDF mRNA. 
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Using a human GCF probe, QGF mRNA is also seen in the brain and spinal cord of the human and 
E13.5 mouse embryo. However, except for a moderate level of expression in the lateral ventricle of the EI3.5 
mouse brain, the hybridization signals seen in the ventral motor neurons and dorsal root ganglia of both 
embryonic human and mouse spinal cords are very weak in comparison with the SMDF mRNA signals. In 
the case of the human embryo, the GGF signals can not be discerned from the unusually high nonspecific 
20 background. The signals in some other regions, including the medulla and ectorhinal cortex of the mouse 
enihvonic brain, are barely above background. There are no detectable signals in the adult mouse spinal cord 
nor other regions described above for the SMDF mRNA. 

When a rat GGF probe is used, moderate hybridization signals are seen in a E15.5 rat embryo in the 
lateral ventricle of the brain and dorsal root ganglia of the spinal cord. The signals in the ventral spinal cord 
motor neurons are much weaker. These data are similar to those obtained by Oir-Uitreger a at., supra, with 
a mouse NDF Ig probe for the distribution of mouse NDF in the mouse embryonic brain and spinal cord. 
GGF mRNA is also detected in outer embryonic rat tissues (e.g., kidney). 

In some of the previously reported northern or in situ analyses of neuregulins. the hybridization 
probes used were inclusive of the EGF-like sequence shared by SMDF (Holmes et al., supra; Wen et aJ. 
[1992J, supra; Marcnionni etaL. supra; Meyer and Birchmeier, supra). Therefore, the SMDF mRNA would 
have been co-localized with other neuregulins in these experiments, and the hybridization signals observed 
in some tissues or regions might actually represent the SMDF mRNA and not the particular neuregulin in 
question. 

When hybridization probes are designed such that SMDF is represented by its entire unique N- 
35 terminal sequence while other neuregulins are represented by the Ig-like sequence of recombinant human 
GGFn (which shares 100% identity with the Ig-like domain of HRGe, p's and human NDF p2b, p3; 87% 
with rat NDF; and 70% with ARIA; at the nucleotide level) in northern blot and in situ analysis, a maj r 
difference in tissue distribution is revealed. While other neuregulins are wide-spread in human tissues 
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including in this study the brain, heart, lung, liver, and kidney, and spinal cord. SMDF is nly found in the 
brain and spinal cord. Thus SMDF appears to be neural-tissue specific. Of particular interest is the high 
expression of SMDF mRNA in the ventral cord motor neurons and dorsal root ganglia of embryonic and adult 
spinal cord in the in situ studies. Although when using a rat probe, moderate levels of GGF mRNA are 
5 detected in the E15.5 rat dorsal root ganglia, the levels are much less than those of SMDF mRNA. while the 
maricer lor GGF mRNA in the ventral spinal cord motor neurons is much weaker. Hie in situ distribution 
of rat GGF mRNA in the rat brain and spinal cord is similar to that reported by Oir-Urtreger et al. {supra) 
using a mouse NDF probe which includes a partial Ig-like domain. Using a similar Ig probe, ARIA mRNA 
is also detected in embryonic chick ventral horn motor neurons but not in dorsal root ganglia (Falls etal., 
10 supra). 

The unique nervous tissue-specific expression of SMDF mRNA distinguishes itself from other 
neuregulins. Without being limited to any one theory, its distinctively higher expression in the motor neurons 
and sensory neurons in the developing human, mouse, and rat spinal cords in comparison with other 
neuregulins suggests an action at the developing neuromuscular junction and possible roles in motor and 
sensory neuron development At the neuromuscular junction, specializations of three cell types constitute the 
synapse: the motor neuron (nerve terminal), muscle fiber, and Schwann cell (see review by Hall and Sanes, 
Cell Tirana, I0 (Suppl.): 99-121 [1993D. SMDF is preferentially expressed in large motor neurons whose 
axons are myelinated, consistent with an action of SMDF on pre-terminal Schwann cell (which forms myelin) 
proliferation. The expression of SMDF in the adult mouse spinal card motor neurons suggests mat h may also 
act at mature neuromuscular junctions via reservation of muscle fibers by motor neurons following nerve 
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EXAMPLE 7 
Stimulation of Schwann Cell Proliferation by SMDF 
Rat Schwann cells isolated from the sciatic nerves of 2 day-old rats were purified free of 
contaminating fibroblasts and other cells (Brockes et al., gr ain R Wt , 165: 105-1 18 ri979j). and grown in the 
presence of 3 nM rHRGpl im41 . The cells were confirmed as Schwann cells by antibody staining of the 
Schwann cell surface marker TO*** Confluent cultures were washed twice with phosphate buffered saline 
trypsinized and plated at 3.7 x 10* cells/well in a 24-well plate in serum-free transection medium 
supplemented with insulin, transferrin, and trace elements. Duplicate wells were treated with serum-free 
30 transaction medium only, or SMDF-transfected 293 culture supematants (10-fold concentrated) diluted 1:1 
in serum-free medium. Five days later. Schwann cells treated with SMDF-transfected culture supematants 
were confluent while cells in serum-free medium only did not survive. Thus. SMDF could promote the 
proliferation of Schwann cells. 



-59- 



SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: Genentech, Inc. 

Ho, Wei-Hsien 
Osheroff, Phyllis L. 

(ii) TITLE OF INVENTION: SENSORY AND MOTOR NEURON DERIVED FACTOR 
(iii) NUMBER OF SEQUENCES: 5 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Genentech, Inc. 

(B) STREET: 460 Point San Bruno Blvd 

(C) CITY: South San Francisco 
<D) STATE: California 

(E) COUNTRY : USA 

(F) ZIP: 94080 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: WinPatin (Genentech) 

<vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/339517 

(B) FILING DATE: 14-NOV-1994 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Lee, Wendy M. 

(B) REGISTRATION NUMBER: 00,000 

(C) REFERENCE / DOCKET NUMBER: P0853PCT 

fix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415/225-1994 

(B) TELEFAX: 415/952-9881 

(C) TELEX: 910/371-7168 

<2> v INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1872 base pairs 

(B) TYPE: Nucleic Acid 
<C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



GAATTCGGGA CAGCCTCTCC TGCCGCCGCT GCTGCTGCCG CCGCCGCCAC 50 
CGCCGGCTGG TCCTCCTTCT GCTTTTACTT CTCCTGCATG ACAGTTGTTT 100 
TCTTCATCTG AGCAGACACC AGCTTCAGAT GCTCGAGGTG AGAAACATGC 150 
CTTTCAGTTT GGGCTACTGG TTTACTTAAT TAATCAGCCG GCAGCTCCGT 200 
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CGATCTATTT TCGTCCCTGT CCTCTTGACG AGCCCGGGAT GGTTTGGAGT 250 
AGCATTTAAA AGAACTAGAA AAGTGGCCCA GAAACAGCAG CTTAAAGAAT 300 
TATTACGATA TACTTTGATT TTGTAGTTGC TAGGAGCTTT TCTTCCCCCC 350 
TTGCATCTTT CTGAACTCTT CTTGATTTTA ATAATGGCCT TGGACTTGGA 400 
5 CGATTTATCG ATTTCCCCCT GTAAGATGCT GTATCATTTG GTTGGGGGGG 450 
CCTCTGCGTG GTAATGGACC GTGAGAGCGG CCAGGCCTTC TTCTGGAGGT 500 
6AGCCGATGG AGATTTATTC CCCAGACATG TCTGAGGTCG CCGCCGAGAG 550 
GTCCTCCAGC CCCTCCACTC AGCTGAGTGC AGACCCATCT CTTGATGGGC 600 
TTCCGGCAGC AGAAGACATG CCAGAGCCCC AGACTGAAGA TGGGAGAACC 650 
5 CCTGGACTCG TGGGCCTGGC CGTGCCCTGC TGTGCGTGCC TAGAAGCTGA 700 
GCGCCTGAGA GGTTGCCTCA ACTCAGAGAA AATCTGCATT GTCCCCATCC 750 
TGGCTTGCCT GGTCAGCCTC TGCCTCTGCA TCGCCGGCCT CAAGTGGGTA 600 
TTTGTGGACA AGATCTTTGA ATATGACTCT CCTACTCACC TTGACCCTGG 850 
GGGGTTAGGC CAGGACCCTA TTATTTCTCT GGACGCAACT GCTGCCTCAG 900 
CTGTGTGGGT GTCGTCTGAG GCATACACTT CACCTGTCTC TAGGGCTCAA 950 
TCTGAAAGTG AGGTTCAAGT TACAGTGCAA GGTGACAAGG CTGTTGTCTC 1000 
CTTTGAACCA TCAGCGGCAC CGACACCGAA GAATCGTATT TTTGCCTTTT 1050 
CTTTCTTGCC GTCCACTGCG CCATCCTTCC CTTCACCCAC CCGGAACCCT 1100 
GAGGTGAGAA CGCCCAAGTC AGCAACTCAG CCACAAACAA CAGAAACTAA 1150 
TCTCCAAACT GCTCCTAAAC TTTCTACATC TACATCCACC ACTGGGACAA 1200 
GCCATCTTGT AAAATGTGCG GAGAAGGAGA AAACTTTCTG TGTGAATGGA 1250 
GGGGAGTGCT TCATGGTGAA AGACCTTTCA AACCCCTCGA GATACTTGTG 1300 
CAAGTGCCCA AATGAGTTTA CTGGTGATCG CTGCCAAAAC TACGTAATGG 1350 
CCAGCTTCTA CAGTACGTCC ACTCCCTTTC TGTCTCTGCC TGAATAGGAG 1400 
CATGCTCAGT TGGTGCTGCT TTCTTGTTGC TGCATCTCCC CTCAGATTCC 1450 
ACCTAGAGCT AGATGTGTCT TACCAGATCT AATATTGACT GCCTCTGCCT 1500 
GTCGCATGAG AACATTAACA AAAGCAATTG TATTACTTCC TCTGTTCGCG 1550 
ACTAGTTGGC TCTGAGATAC TAATAGGTGT GTGAGGCTCC GGATGTTTCT 1600 
GGAATTGATA TTGAATGATG TGATACAAAT TGATAGTCAA TATCAAGCAG 1650 
TGAAATATGA TAATAAAGGC ATTTCAAAGT CTCACTTTTA TTGATAAAAT 1700 
AAAAATCATT CTACTGAACA GTCCATCTTC TTTATACAAT GACCACATCC 1750 
TGAAAAGGGT GTTGCTAAGC TGTAACCGAT ATGCACTTGA AATGATGGTA 1800 



-61- 



10 



WO 96/15244 „ 

PCT/US9S/14575 

AGTTAATTTT GATTCAGAAT GTGTTATTTG TCACAAATAA ACATAATAAA 1850 

AGGAAAAAAA AAACCCGAAT TC 1872 

<2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 296 amino acids 

(B) TYPE: Amino Acid 
(0) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Met Glu He Tyr Ser Pro Asp Met Ser Glu Val Ala Ala Glu Arq 

1 5 10 .? 



15 



Ser Ser Ser Pro Ser Thr Gin Leu Ser Ala Asp Pro Ser Leu Asd 
20 25 3 5 

Gly Leu Pro Ala Ala Glu Asp Met Pro Glu Pro Gin Thr Glu Asp 
35 40 45 

IS Gly Arq Thr Pro Gly Leu Val Gly Leu Ala Val Pro cys cys Ala 

50 55 60 

Cys Leu Glu Ala Glu Arg Leu Arg Gly Cys Leu Asn Ser Glu Lys 
65 70 75 

He Cys He Val Pro lie Leu Ala Cys Leu Val Ser Leu Cys Leu 
20 80 85 go 

Cys He Ala Gly Leu Lys Trp Val Phe Val Asp Lys He Phe Glu 
95 100 105 

Tyr Asp ser Pro Thr His Leu Asp Pro Gly Gly Leu Gly Gin Asp 
110 H5 120 

25 Pro He He Ser Leu Asp Ala Thr Ala Ala Ser Ala Val Trp Val 

125 130 135 

Ser Ser Glu Ala Tyr Thr Ser Pro Val Ser Arg Ala Gin Ser Glu 
140 145 150 

Ser Glu Val Gin Val Thr Val Gin Gly Asp Lys Ala Val Val Ser 
155 160 165 

Phe Glu Pro Ser Ala Ala Pro Thr Pro Lys Asn Arg He Phe Ala 
170 175 180 

Phe Ser Phe Leu Pro Ser Thr Ala Pro Ser Phe Pro Ser Pro Thr 
185 190 195 

35 Arg Asn Pro Glu Val Arg Thr Pro Lys Ser Ala Thr Gin Pro Gin 

200 205 210 

Thr Thr Glu Thr Asn Leu Gin Thr Ala Pro Lys Leu Ser Thr Ser 
215 220 225 

Thr Ser Thr Thr Gly Thr Ser His Leu Val Lys Cys Ala Glu Lys 
40 230 235 240 

Glu Lys Thr Phe cys Val Asn Gly Gly Glu Cys Phe Met Val Lys 
245 250 255 



30 
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Asp Leu Ser Asn Pro Ser Arg Tyr Leu Cys Lys Cys Pro Asn Glu 

265 270 
Phe Thr Gly Asp Arg Cys Gin Asn Tyr v.l Met Ala Ser Phe Tyr 
275 28 ° 285 

5 Ser Thr Ser Thr Pro Phe Leu Ser Leu Pro Glu 

290 295 296 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
<*> LENGTH: 422 amino acids 
10 <B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Met Arg Trp Arg Arg Ala Pro Arg Arg Ser Gly Arg Pro Gly Pro 

5 10 



IS 



IS Arg Ala Gin Arg Pro Gly Ser Ala Ala Arg Ser Ser Pro Pro Leu 

20 « 30 



Pro Leu Leu Pro Leu Leu Leu Leu Leu Gly Thr Ala Ala 



35 



40 



Leu Ala 
45 



20 



Pro Gly Ala Ala Ala Gly Asn Glu Ala Ala Pro Ala Gly Ala Ser 



55 



60 



Val cys Tyr Ser Ser Pro Pro Ser Val Gly Ser Val Gin Glu Leu 
65 7 ° 75 

Ala Gin Arg Ala Ala Val Val He Glu Gly Lys Val His Pro Gin 
80 « 90 

25 Arg Arg Gin Gin Gly Ala Leu Asp Arg Lys Ala Ala Ala Ala Ala 

95 100 105 

Gly Glu Ala Gly Ala Trp Gly Gly Asp Arg Glu Pro Pro Ala Ala 
110 "5 120 



ao Gly Pro Arg Ala Leu Gly Pro Pro Ala Glu Glu Pro Leu Leu Ala 

125 "0 135 

Ala Asn Gly Thr Val Pro Ser Trp Pro Thr Ala Pro Val Pro Ser 

i45 150 
Ala Gly Glu Pro Gly Glu Glu Ala Pro Tyr Leu Val Lys Val His 

160 \165 
35 Gin Val Trp Ala Val Lys Ala Gly Gly Leu Lys Lys Asp Ser Leu 

170 "6 180 

Leu Thr Val Arg Leu Gly Thr Trp Gly His Pro Ala Phe Pro Ser 



190 



195 



40 ^ Gly Ar9 LCU }»l Glu *«P s « Arg Tyr lie Phe Phe Met Glu 

210 



200 205 



Pro Asp Ala Asn Ser Thr Ser Arg Ala Pro Ala Ala Phe Arg Ala 
2 " 220 * 225 

Ser Phe Pro Pr Leu Glu Thr Gly Arg Asn Leu Lys Lys Glu Val 
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230 



235 



240 



Ser Arg Val Leu Cys Lys Arg cys Ala Leu Pro Pro Gin Leu Lys 

245 250 255 

Glu Met Lys Ser Gin Glu Ser Ala Ala Gly Ser Lys Leu Val Leu 

265 270 

Arg Cys Glu Thr Ser Ser Glu Tyr Ser Ser Leu Arg Phe Lys Trp 



280 



2B5 



Phe Lys Asn Gly Asn Glu Leu Asn Arg Lys Asa Lys Pro Gin Asn 



290 295 



300 

10 He Lys lie Gin Lys Lys Pro Gly Lys Ser Glu Leu Arg He Asn 



305 310 



315 



Lys Ala ser Leu Ala Asp Ser Gly Glu Tyr Met Cys Lys Val n 



320 325 



e 

330 



Ser Lys Leu Gly Asn Asp Ser Ala Ser Ala Asn lie Thr He Val 
335 340 345 

Glu Ser Asn Ala Thr Ser Thr Ser Thr Thr Gly Thr Ser His Leu 



355 



360 



Val Lys cys Ala Glu Lys Glu Lys Thr Phe Cys Val Asn Gly Gly 
365 370 * 37 £ 

20 Glu cys Phe Met Val Lys Asp Leu ser Asn Pro Ser Arg Tyr Leu 

385 

Cys Lys cys Pro Asn Glu Phe Thr Gly Asp Arg Cys Gin Asn Tyr 
395 400 4 g 5 

val Met Ala Ser Phe Tyr ser Thr Ser Thr Pro Phe Leu Ser Leu 

420 



25 



410 415 



Pro Glu 
422 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 645 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

^ Met Ser Glu Arg Lys Glu Gly Arg Gly Lys Gly Lys Gly Lys Lys 

5 10 15 

Lys Glu Arg Gly Ser Gly Lys Lys Pro Glu Ser Ala Ala Gly Ser 
20 25 30 

Gin ser Pro Ala Leu Pro Pro Gin Leu Lys Glu Met Lys Ser Gin 
35 40 45 

40 Glu ser Ala Ala Gly ser Lys Leu Val Leu Arg Cys Glu Thr Ser 

50 55 60 

Ser Glu Tyr Ser Ser Leu Arg Phe Lys Trp Phe Lys Asn Gly Asn 
65 70 75 
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Glu Leu Asn Arg Lys Asn Lys Pro Gin Asn He Lys He Gin Lys 
80 « l 0 

Lys Pro Gly Lys Ser Glu Leu Arg He Asn Lys Ala Ser Leu Ala 
95 ioo 



105 

S Asp Ser Gly Glu Tyr Met Cys Lys Val lie ser Lys Leu Gly Asn 

110 H5 120 

Asp Ser Ala Ser Ala Asn lie Thr lie Val Glu Ser Asn Glu He 
125 130 i3 5 

He Thr Gly Met Pro Ala Ser Thr Glu Gly Ala Tyr Val Ser Ser 
10 140 145 i 50 

Glu Ser Pro He Arg He Ser Val Ser Thr Glu Gly Ala Asn Thr 
155 i 6 o 165 

Ser Ser Ser Thr Ser Thr Ser Thr Thr Gly Thr Ser His Leu Val 
170 175 ibo 

15 Lys Cys Ala Glu Lys Glu Lys Thr Phe Cys Val Asn Gly Gly Glu 

185 190 195 

Cys Phe Met Val Lys Asp Leu Ser Asn Pro Ser Arg Tyr Leu Cys 
200 205 ' 210 

Lys Cys Pro Asn Glu Phe Thr Gly Asp Arg cys Gin Asn Tyr Val 
2X5 220 225 

Met Ala Ser Phe Tyr Lys His Leu Gly He Glu Phe Met Glu Ala 



230 235 



240 



Glu Glu Leu Tyr Gin Lys Arg Val Leu Thr He Thr Gly He Cys 
245 250 255 

25 He Ala Leu Leu Val Val Gly He Met cys Val Val Ala Tyr Cys 

260 2 *5 270 

Lys Thr Lys Lys Gin Arg Lys Lys Leu His Asp Arg Leu Arg Gin 
275 280 28 5 

Ser Leu Arg Ser Glu Arg Asn Asn Met Met Asn He Ala Asn Gly 
290 2 *5 300 

Pro His His Pro Asn Pro Pro Pro Glu Asn Val Gin Leu Val Asn 
305 310 315 

Gin Tyr Val Ser Lys Asn Val lie Ser Ser Glu His He Val Glu 

320 325 ,330 



30 



35 Arg Glu Ala Glu Thr Ser Phe 



Ser Thr Ser His Tyr Thr Ser Thr 



40 



335 340 345 

Ala His His Ser Thr Thr Val Thr Gin Thr Pro Ser His Ser Trp 
350 355 360 

Ser Asn Gly His Thr Glu Ser He Leu Ser Glu Ser His Ser Val 
365 370 375 

lie val Met ser Ser Val Glu Asn Ser Arg His Ser Ser Pro Thr 
380 385 390 

Gly Gly Pro Arg Gly Arg Leu Asn Gly Thr Gly Gly Pro Arg Glu 
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395 400 



405 



Cys Asn Ser Phe Leu Arg His Ala Arg Glu Thr Pro Asp Ser Tvr 
410 415 420 

Arg Asp ser Pro His Ser Glu Arg Tyr Val Ser Ala Met Thr Thr 
5 425 430 435 

Pro Ala Arg Met Ser Pro Val Asp Phe His Thr Pro Ser Ser Pro 
440 445 450 

Lys Ser Pro Pro Ser Glu Met Ser Pro Pro Val Ser Ser Met Thr 
455 460 4 6 5 

10 Val Ser Met Pro Ser Met Ala Val Ser Pro Phe Met Glu Glu Glu 

470 475 460 

Arg Pro Leu Leu Leu Val Thr Pro Pro Arg Leu Arg Glu Lys Lys 
485 490 4J 5 

Phe Asp His His Pro Gin Gin Phe Ser Ser Phe His His Asn Pro 
15 5 <>° 505 sio 

Ala His Asp Ser Asn Ser Leu Pro Ala Ser Pro Leu Arg He Val 
515 520 525 

Glu Asp Glu Glu Tyr Glu Thr Thr Gin Glu Tyr Glu Pro Ala Gin 
530 535 540 

20 Glu Pro Val Lys Lys Leu Ala Asn Ser Arg Arg Ala Lys Arg Thr 

545 550 555 

Lys Pro Asn Gly His lie Ala Asn Arg Leu Glu Val Asp Ser Asn 
560 565 570 

Thr Ser Ser Gin Ser Ser Asn Ser Glu Ser Glu Thr Glu Asp Glu 
25 57 * 580 585 

Arg Val Gly Glu Asp Thr Pro Phe Leu Gly He Gin Asn Pro Leu 
590 595 600 

Ala Ala Ser Leu Glu Ala Thr Pro Ala Phe Arg Leu Ala Asp Ser 
6 °5 610 615 

30 Arg Thr Asn Pro Ala Gly Arg Phe Ser Thr Gin Glu Glu He Gin 

620 625 630 

Ala. Arg Leu Ser Ser Val He Ala Asn Gin Asp Pro He Ala Val 
635 640 645 

(2) INFORMATION FOR SEQ ID NO: 5: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 602 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

40 Met Trp Ala Thr Ser Glu Gly Pro Leu Gin Tyr Ser Leu Ala Pro 
1 5 10 is 

Thr Gin Thr Asp Val Asn Ser Ser Tyr Asn Thr Val Pro Pro Lys 
20 25 30 
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Leu Lys Glu Met Lys Asn Gin Glu val Ala Val Gly Gin Lys Leu 
35 40 45 

Val Leu Arg Cys Glu Thr Thr Ser Glu Tyr Pro Ala Leu Arg Phe 
50 55 60 

5 Lys Trp Leu Lys Asn Gly Lys Glu He Thr Lys Lys Asn Arg Pro 

65 70 75 

Glu Asn Val Lys lie Pro Lys Lys Gin Lys Lys Tyr Ser Glu Leu 
80 85 90 

His He Tyr Arg Ala Thr Leu Ala Asp Ala Gly Glu Tyr Ala Cys 
10 95 100 105 

Arg Val Ser Ser Lys Leu Gly Asn Asp Ser Thr Lys Ala Ser Val 
110 115 120 

He He Thr Asp Thr Asn Ala Thr Ser Thr Ser Thr Thr Gly Thr 
125 130 135 

15 Ser His Leu Thr Lys Cys Asp He Lys Gin Lys Ala Phe Cys Val 

140 145 150 

Asn Gly Gly Glu Cys Tyr Met Val Lys Asp Leu Pro Asn Pro Pro 
155 160 165 

Arg Tyr Leu Cys Arg Cys Pro Asn Glu Phe Thr Gly Asp Arg Cys 
20 170 175 180 

Gin Asn Tyr Val Met Ala Ser Phe Tyr Lys His Leu Gly He Glu 
185 190 195 

Phe Met Glu Ala Glu Glu Leu Tyr Gin Lys Arg Val Leu Thr He 
200 205 210 

25 Thr Gly He Cys He Ala Leu Leu Val Val Gly He Met Cys Val 

215 220 225 

Val Ala Tyr Cys Lys Thr Lys Lys Gin Arg Lys Lys Leu His Asp 
230 235 240 

Arg Leu Arg Gin Ser Leu Arg Ser Glu Arg Asn Asn Val Met Asn 
30 245 250 255 

Met Ala Asn Gly Pro His His Pro Asn Pro Pro Pro Asp Asn Val 
260 265 270 

Gin Leu Val Asn Gin Tyr Val Ser Lys Asn He He Ser Ser Glu 
275 280 285 

35 Arg Val Val Glu Arg Glu Thr Glu Thr Ser Phe Ser Thr Ser His 

290 295 300 

Tyr Thr Ser Thr Thr His His Ser Met Thr Val Thr Gin Thr Pro 
305 310 315 

Ser His Ser Trp Ser Asn Gly His Thr Glu Ser He Leu Ser Glu 
40 320 325 330 

Ser His Ser Val Leu Val Ser Ser Ser Val Glu Asn Ser Arg His 
335 340 345 

Thr Ser Pro Thr Gly Pro Arg Gly Arg Leu Asn Gly He Gly Gly 
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350 



355 



360 



Pro Arg Glu Gly Asn Ser Phe Leu Arg His Ala Arg Glu Thr Pro 
365 370 375 

Asp Ser Tyr Arg Asp Ser Pro His Ser Glu Arg Tyr Val Ser Ala 
5 . 380 385 390 

Met Thr Thr Pro Ala Arg Met Ser Pro Val Asp Phe His Thr Pro 
395 400 405 

Thr Ser Pro Lys Ser Pro Pro Ser Glu Met Ser Pro Pro Val Ser 
410 415 420 

10 Ser Leu Thr He Ser He Pro Ser Val Ala Val Ser Pro Phe Met 

425 430 435 

Asp Glu Glu Arg Pro Leu Leu Leu Val Thr Pro Pro Arg Leu Arg 
440 445 450 

Glu Lys Tyr Asp Asn His Leu Gin Gin Phe Asn Ser Phe His Asn 
15 455 460 465 

Asn Pro Thr His Glu Ser Asn Ser Leu Pro Pro Ser Pro Leu Arg 
470 475 4B0 

He Val Glu Asp Glu Glu Tyr Glu Thr Thr Gin Glu Tyr Glu Pro 
485 490 495 

20 Ala Gin Glu Pro Pro Lys Lys Leu Thr Asn Ser Arg Arg Val Lys 

500 505 510 

Arg Thr Lys Pro Asn Gly His He Ser Ser Arg Val Glu Val Asp 
515 520 525 

Ser Asp Thr Ser Ser Gin Ser Thr Ser Ser Glu Ser Glu Thr Glu 
25 530 535 540 

Asp Glu Arg He Gly Glu Asp Thr Pro Phe Leu Ser He Gin Asn 
545 550 555 

Pro Met Ala Thr Ser Leu Glu Pro Ala Ala Ala Tyr Arg Leu Ala 
560 565 570 

30 Glu Asn Arg Thr Asn Pro Ala Asn Arg Phe Ser Thr Pro Glu Glu 

575 580 585 

Leu Gin Ala Arg Leu Ser Ser Val He Ala Asn Gin Asp Pro He 
590 595 600 



35 



Ala Val 
602 



-68- 



W05W15244 PCT/US95/14575 

WHAT IS CLAIMED IS: 

1. Isolated SMDF. 

2. The SMDF of claim I which is not associated with native glycosylation. 

3. The SMDF of claim 2 which is not glycosylated. 

5 4. The SMDF of claim 1 sharing at least 75% sequence identity with the translated SMDF 

sequence shown in Fig. 1A. 

5. Hie SMDF of claim I which is non-immunogenic in a human. 

6. The SMDF of claim 1 which is native sequence SMDF. 

7. The SMDF of claim 1 having the translated SMDF sequence shown in Fig. 1A. 

10 8. A composition comprising the SMDF of claim I and a pharmaceuttcally acceptable carrier. 

9. A method for determining disease status of a patient suffering from carcinoma comprising 
contacting a sample from the patient with the SMDF of claim 1 and measuring the extent of SMDF binding 
to the sample. 

10. The method of claim 9 wherein the sample comprises a carcinoma cell derived from the 
15 breast, ovary, stomach, endometrium, salivary gland, lung, kidney, colon, pancreas, or bladder. 

II- The method of claim 9 wherein the SMDF is labelled. 

12. A method for activating HER2 receptor comprising contacting a cell which expresses the 
HER2 receptor with the SMDF of claim I. 

13. The method of claim 12 wherein the cell is present in a mammal. 
20 ,4 - The method of claim 13 wherein the mammal is a human. 

15. A method for stimulating mitogenesis of a glial cell comprising contacting the glial cell with 
the SMDF of claim 1. 

16. The method of claim 15 wherein the glial cell is a Schwann cell. 

17. The method of claim 15 wherein the glial cell is present in cell culture. 
25 ,8 - Thc mcthod of claim 15 wherein the glial cell is present in a mammal. 

19. An isolated antibody that is capable of binding the SMDF of claim 1 . 

20. The antibody of claim 19 wherein the antibody is a neutralizing antibody. 

21 . A method for detecting SMDF comprising contacting the antibody of claim 19 with a sample 
suspected of containing SMDF and detecting if binding has occurred. 

30 22 * A mcthod for Pitying SMDF comprising passing a mixture containing SMDF over a 

column to which is bound the antibody of claim 19 and recovering the fraction containing SMDF. 

23. An isolated nucleic acid molecule encoding SMDF. 

24. The nucleic acid molecule of claim 23 which is selected from the group consisting of: 

(a) a DNA comprising the nucleotide sequence of the coding region of the SMDF gene shown in 
35 Fig. 1A; 

(b) a DNA corresponding to the sequence of (a) within the scope of degeneracy of the genetic code; 
and 

(c) a DNA which hybridizes to a sequence complementary to the DNA of (a) or (b) and which 
encodes a polypeptide possessing a biological property of a native sequence SMDF polypeptide. 
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25. The nucleic acid molecule of claim 23 further comprising a promoter operably linked to the 
nucleic acid molecule. 

26. The nucleic acid molecule of claim 23 which is DNA and comprises the translated DNA 
sequence shown in Fig. 1A. 

5 27. A vector comprising the nucleic acid molecule of claim 23. 

28. An expression vector comprising the nucleic acid molecule of claim 23 operably linked to 
control sequences recognized by a host cell transformed with the vector. 

29. A host cell comprising the nucleic acid molecule of claim 23. 

30. A method of using a nucleic acid molecule encoding SMDF to effect production of SMDF 
10 comprising culturing the host cell of claim 29 and recovering SMDF from the cell culture. 

31. The method of claim 30 wherein the SMDF is recovered from the host cell culture medium. 
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1 <^TTCC^CAGCClVllVa^^ W G 'llC WXUIIU, I ff 

76 TACTTCTCCTGCATGACACTPTGTTTTCTTC^ 
151 v.^ riT^^ l i tijOGCTACTGGTO'ACTTAATTAATCACCCGCC 
226 TCUO^GCCCGGGATCXmTO^A^ 

301 TATTACGATATAv. J *-mATTTTGTACTTOCTAGGAG C C 1 ' JtXl ' LL lT Wi CATCTT TC T U AA C I tl ' llVnU A 
376 TTTTAATAATOGCCTTOGACTTOGACGATTTATCGATTT^ 
451 CCTCTCl\mOTAATaQACCOTGAC^ 

M E I Y S P D 

526 ACATGTCTiiAGGTCOCCGCCCAQACGTCCTCCAGCCCCTC^ 

B MSEVAAERSSSPSTOLSAOPSLDCL 

601 TTCCGGCAGCAGAAGACATGCCAGAGCCCCAGACTGAAGATXXX^GAACCCC^ 
33 PAAEDMPEPQTEDGR TPGLVCLAV P 

676 CCTCCTGTGCGTC^ 
58 |CJ[CJ A [CJ L E AERLRg[F]lNSEK I [cj I V P I L 

? " IWCTOCCTGG^^ 

83 A t£|LVSL[c)L[c]lACLKWVP V D K I F E Y D 
826 ACTCTWACTCACCTTGACCCT^^ 

108 SPTHLDPCGLCQDPIISLOATAASA 
Ml CTOTOI^ 

133 VKVSSEAYTSPVSRAQSESEVQVTV 
976 TGCAAGGTGACAA GOC TO1 1UI11U.TF M MCCATC^^ 1 1 A A UJLHW 

158 QGDKAVVSFEPSAAPTPKKRIPAFS 



1051 er™™^ 

1B3 FLPSTAP SFPSPTRNPEVRTPKSAT 

208 QPQ TTETNLQTAPKLSTSTSTTGTS 
1201 ^AT^AAAM^^ 
" 3 " L V ^|CJAEKEKTF[C3VN G G B [c] F K V K D L 



1276 "TCAAACCC^ 

58 SWg> SRYl[CjK[£jPNEFTCP R [c]Q W Y V M A 

X Hl CCAGCrJ^ u iACAGTACGtXXACTC C CT n V W lVlVnx^ 

S F Y STs TPFLSLPE O 

1426 GTTGCTGCATCTCCCCTCAGATTCCACCTAGAGCTAGATGTGTCffA 



EOF 

-like 



1501 GTCGCATGAGAACATTAACAAAAGCAATTGTATTACTTCCTC 



TGTTCGCGACTAGTTGGCTCPGAQATACTAATA 
1576 «rroTOTX»GGCTC^ 

1651 TGAAATATGATAATAAAGGCATTTCAAAGTCTCACTTTTATTGATAAAAT^^ 
1726 TCTlCTffATACAATGACCACATCCTGAAAAGGGTGTTGCTAAGCTGTAACCW 
1801 AGWAATrriWTTCAGAAtXnGffATTTW 

FIG. IA 
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